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INTKODUCTION. 


HtGiENii is tlie art of preserving liealtli ; that is, of ohtaining the most perfect 
action of body and mind during as long a period as is consistent with the 
Jaws of life. In other words, it aims at rendering growth more perfect, decay 
less rapid, li|e more vigorous, death more remote. 

Tliis art has been praetised from the earliest times. Before Hippocrates 
tljere were treatises on hygiene, which that great master evidcmtly embodied 
in his incomparable works. It was then based on wliat we should now call 
omjnrical rules — viz., simjdy on observations of what seemed good or had for 
healtli. Very early, indeed, the effects of diet and of exercise were can^fnlly 
noticed, and were considered tlie basis of hygiene.* Hij^pocrates, indeed, 
aj^)e{irs to have had a clear conception of the r(dation betAvecji the amount of 
food taken and of the mechanical energy pvo<luceJ by it ; at least, lie is 
extremely careful in pointing out that there must be an exact balance bcitween 
food and exercise, and that disease results from excess either way. 

The effects on luiulth of dilFor(5nt kinds of air, of water, and to some extent 
of soils, were also^considei'ed at a very early date ; though natiu’ally igno- 
rance of chemistiy prevented any great advance in this direction. Hippocrates 
summed up the existing kno^vledge of his time on the six ai*ticli*.s, wliicli in 
after-days received the absurd name of the Non-naturals.” f The six articles, 
whose regulation was considered indispensably necessary to the life of man, 
were — air, aliment, cxercis(i and rest, sh^ep and Avakefulness, rephition and 
evacuation, the 2 )assions and affections of tlui mind. 

With the excej^tion of the attempts of the alcliemists, and of tlie clumiical 
physicians, to discover some agent or drug wliich might incrc^ase or stitiiigthen 
the jirincipleof life,]: the practice of hygiene nmiained \\'ithin tlui same limits 


* Horodiciis, ouo of tlie preceptors of Hippoci-atcs, w.as the first to introduce nictlicinal 
E^yiimastics for tlw iniproveiiieiit of healtli and tlie cure of disease ; tliou'^l) ;;ynnia.slics in train- 
ing for -^ar had been used long before, riutarch .says of him, that Jabonring inideradecay 
which ho knew could not be perfectly cured, he was the tirst who Tilcnded the gymnastic aii; 
with physic, in sucli a manner as protected to old a^c his own life, ami the lives ttf othei*s 
afilictod Avith the same disease. He was censured by Plato for keeping alive persons witli crtixy 
coiistitul^ons. — Machc'nzie on. Health. 

t This title originated in a sentence of Galen, and w.as introduced into use. by the jargon of 
the Peripatetic soiiooi. It Avas employed in all treatises on hygiene for probably nearly loOO 
yeai’s. 

} It was when chemistry was being rudely studied by the alchemists tliat an entirely different 
school of hygiene arose. Tlie discovery of chemical agents, and the great efiect they produce 
on the body, led to the notion that tluiy could in some way aid tlit*. forces of life, ami insure a 
prolonged, if not an eternal youth, and a life of ages inste.ad of one of yeais. Thit^belicJ^ the 
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until physiology (the knowledge of the laws of life) hegan^ to he studied. 
Hygiene the, l«^n to acquire a scientific basis. StiU retaining its empin^ 
foundation drawn from observation, it has now commenc a^ ^ 
physiological discoveriep to the improvement of health, an os e 
of its own rules by this new light. It is now gradually bocomii% * 
based on the science of physiology, with whoso progress its future ' 

But the art of hygiene has at present still another object H wo had a 
perfect knowledge of the laws of life, and could practically app y s now 
lodge in a perfect system of hygienic rules, disease woul e impossi e. 
But at present disease exists in a thousand forms, ^d the human race Ian- 
guishes, and at times almost perishes, under the grievous yo e. ^ t 
of the causes of disease is strictly a jiart of physiology,^ bnt.it can on y 
carried out by the pi-actical i)hy8ician, since an accurate identification ot e 
diseases is the first necessary step in the inv(!stigation of causes. 

The causes beii^ investigated, the art of hygiene then comes in to torm 
rules which may prevent the causes ot render the frame more fivtei o o 
them ; and as in the fonuor ciise it was the exponent of physiology, m us 

case it becomes the servant of the pitliologist. . j f 

Taking the word hygiene in the largest sense, it signifies rules for pertec 
culture of mind and body. It is impossible to dissociate the two. i be body 
is affected by every mental and mond action ; the mind is pio ouni y m 
fluonced by bodily conditions. For a perfect system of hygiene wo must com- 
bine the knowledge of the physician, the schoolmaster, and the pnest, and 
must train the body, the intellect, and the moral soul in a i)cifcct and 
balanced order. Then, if our knowledge Avere exact, and our means of appli- 
cation adequate, Ave should sec the human being in bis perfect beauty, as , 
Providence, perhaps, intended him to be; in the harmoidous proportions and 
complete bahuico of all parts, in Avhich he came out of his llaker s hands, in 
Avhose divine image, aa'o are told, he Avas in the Jieginnbig made. 

But is sucli a system p()ssil)le ? 

HatuTJvl result of the disoxivery of new powers, lias not yet iTilirorlUh'*’ then* 

are some who still look to every I’resh ageiit as 

are also still enthusiasts who seaixili the inyslio l^mes ^ 

U ^t.m-eiv“d AvouJ iinpos.sible, .md youth would he eteim . lu otl.er cas(«, .t was 
snonosed that the auent would itself contain the principle oflife, luid thend ore would at once 
reSore dcstroved heiilth, and recall again departed youth. We now know this idea to ho wrong 
iu every poiui^ The constant decay the alelieiiiists sought to check is life itself, tor life is but 
incessant chantro and what we cull decay is only a nietainorplio.sis of energy, io unest the 
chances in the body for one single inoineiit would be death, or, shoi-t -ol death, it would be 
lesBCninir of tJie ener<»‘y which is the expression of life. Nor is there any hope that tli« exten- 
^on rtiie period of vLreiiergy can CN^er be accomplished except liy improving the .^trition of 
the tissifbs ■ Here indeed, it is lust po.ssible that, ni tinie to come, drugs will aid ll>gieU/,^ 
either by better preparing food ibr the purposes of nutritioii, or by renmviiig or iny.veutiiig 
those chemical chan'^cs in tlu^ tissues which we call decay. But at present, certainly, no vules 
can lie laid down for the u-se of drugs in hygiene, except in that 

botwwn hygiene and the practice ^f medicine, that is, m that uncertain region which we do 

greArth Ll dl^ay. uLt he studied together just as iu •“ ^&StSe^wovid 
without the study of all the <fther forms of Ufe, animal * 

Separated for convenience, these various studies will linally tonveige. 
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Is there, or will there ever be, such an art, or is the belief that there will 
be, one of those dreams which breathe a blind hope into us,|i hoge bom only 
of our longings, and destined to die of our experience! And, indeed, when 
we look around us and consider the condition of the world — the abundance 
of life, its appalling waste ; the wonderful contrivances of the animal king- 
dom, the apjmrent indifference with which they are trampled under foot j jehe 
divine gift of mind, its awful perversion and alienations ; and when, espe- 
cially, we note the condition of the human race, and consider what it apijfi- 
rently might bo, and what it is ; its marvellous endowments and lofty powei*s ; 
its terrible sufferings and abasement ; its capacity for happiness, and its cup 
of sorrow ; the heavenly boon of glowing health, and the thousand diseases 
and f)idnful deaths, — ho 'inust indeed be gifted with sublime endurance or 
uu&ying'faith who can still believe that out of this chaos order can come, or 
out of tliis suffering happiness and hejdtk 

In the scheme of Providence it may not be meant tliat man shall he 
healthy. Diseases of mind and of body may be the cross he has to bear ; or 
it may be the evil against which he has to struggle, and whose shackles he is 
linally to unloose. The last disease will disappear, we may believe, only 
when man is perfect ; and as in the presence of the Saviour all disease was 
healed, so, before perfect virtue, sorrow and suffering shall fade away. 
Whether the world is over to see such a consummation no man can say ; but 
as ages roll on, liope does in some mciasure grow. In the midst of all our 
w(?viknesses, and all our many errors, we are certainly gaining knowledge, and 
that knowledge ttiUs us, in no doubtful terms, that the fate of man is in his 
own hands. 

It is undoubtedly true that we can, even now, literally choose between 
health or disease ; not, jierhaps, always individually, for the sins uf our 
fathers may be visited upon us, or the customs of our life and the chains of 
our civilisation and social customs may gall us, or even our fcllow-meii may 
deny us health, or the knowledge which h^ads to health. But as a race, man 
holds his own destiny, and can choose between good and evil ; and jis time 
unrolls the scheme of the world, it is not too much to hope that the choice 
Avill be for good 

Looking only to the part of hygiene which concerns the physician, a perfect 
system of rules of health would, I conceive, be best juTanged in an oi'dt*rly 
series of this kind. 

Tho rules would commence with the regulation of the mother’s health wlule 
bearing her cliild, so that the growth of the new being should be iis perfect as 
possible. Then, after birth, the rules (different for each sex at certain times) 
Avt)uld embrace tlu*ee epoclis ; * of growth (including infancy and youth) ; of 
maturity, when for many years the body renrains aiiparently stationary ; of 
decay, when, without actual disease, though, doubtless, in consequence of soiiio 
chemical changes, molecular feebleness and death commence in some part or 
other, forerunning general decay and death. 

• First expressly noted by Galen. 
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In these several epochs of his life, the human heiiig would have to be 
considered--^ 

laty In relation to the natural conditions which surround him, and which are 
essential for life, such ^ the air he breathes ; the water he drinks ; his food, 
the source of aU bodily and mental acts ; the soil which he moves on, and the 
sun which warms and lights him, <fec. i in fact, in relation to nature at largo. 

2c?, In liis social and corporate relations, as a member of .a community with 
certain customs, trades, conditions of dwellings, clothing &c. ; subjected to 
social and political influences, sexual relations, <fec. 

3c?, In his capacity as an independent being, having within himself sources 
of action, in thoughts, feelings, desires, personal habits, all of which affect 
health, and which require self-regulation and control? 

Even now, incomplete as hygiene necessarily is, such a work '^ould,^if 
followed, almost change the face of the world. But would it be followed ? 

In some cfises the rules of hygiene could not ho followed, however much* 
the individual niiglit desire to do so. Eor example, pure air is a ziecossity for 
health ; but an individual may liave little control over the air which surrounds 
liim, and which he must draw into his lungs. He may be powerless to pre- 
vent other persons from contaminating his air, and thereby striking at the 
very foundation of his health and happiness. Hero, as in so many other cases 
which demand regulation of the conduct of individuals towards each other, 
the Shite steps in for the protection of its citizens, and enacts rules which shall 
be binding upon all. Hence arises what is now termed “ State Medicine, a 
matter of the greatest importance. The fact of “ State Medicine being pos- 
sible, marks an epoch in which some sanitary Viles receive a general consent, 
and indicates an advancing civilisation. Eear has been expressed lest State 
Medicine should press too much on the individual, and should too much lessen 
the freeclom of iiersomd action. This, however, is not hlc^y, as long as the 
State acts cautiously, and only on wcll-jissured scientific grounds, and as long 
Jis an unshackled Press discusses with freedom every step.* 


* A watchful care over the health of the people, and a due regalatioii of matters which con- 
cern their health, is ceitainly one of the most important functions of Ooveriimenf. The fact 
tliat, in modem times, the subject of hygiene generally, and State Medicine in particul.ar, ha« 
(!ommenced to attract so much the public attention, is undoubtedly owing to the application of 
statistics to public health. It is impossible for any nation, or for any Government, to remain 
indifferent wium, in figures wliicli admit of no denial, the national aTnoimt of health and happi- 
ness, or disease and suffering, is determined. The early Statistical m‘})orts of the Army by 
T^illoch, Marshall, and Balfonr, directed attention to the imiiortauce of this matter. Tlie 
establishnient of the Kegistrar-Geiieral’s office in 1S3S, and the commencement of the system of 
accurately recording births and deaths, will hereafter be found to be, as far as the happiness 
of the people is concerned, one of the most important events of our time. We owe a nation’s 
gratitude to the Registrar-General for the persist<*iioe with which he lias used his ofUciid posi- 
tion for the pnlilic good, and to his able coati^jutors, especially to him to whose sagacity the 
chief fruits of the iucpiiry are due, to William Farr. * 

AnotJ^er action of the Government in our day was scarcely less important. It is impossible 
to overi'ate the value of the Goveninient Inquiry into the Health of Towns, and of the countiy 
generally, commenced more than a (juarter of a century ago by Etlwin Chadwick, Southwood 
Smith, Neil Aniott, Sutherland, Guy, Toynbee, and others, ami which has, in fact, been con- 
tinued ever since, and is now vigorously carried on hy the official successor of these iiioneers, 
the medical oflicer to the Privy Council, Mr Simon. Consequent on this movement came the 
appointment of medical officers of health to the different towns and jiarishcs. The reports 

f ublished by many of these gentlemen (Letheby, Dundas Thomson, Buchanan, Laukester, 
[illier, Ballard, and many others) have greatly advanced the subject, and have done much to 
diffu^ a knowledge of hygiAie among the people, and at the same time to extend and render 
precise oiir knowledge of the conditions of national hefdth. When the effect of all these 
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. • There are, however, some cases in which the Sfcato cannot easQy interfere, 
^though the individual may bo placed under unfavourable hygienic conditions 
by the action of others. For example, In many trades, the Bmpl^yed ai*o sub- 
jected to danger from the carelessness, or avarice, or ignorance of the em- 
ployers. Every year the State is, however, very pAperly more and more 
interposing and shielding the workman against the dangers which an ignorant 
or careless master brings on him. ' 

Ihit in other cases the State can hardly intei'poso with effect ; and the 
growth of sanitary knowledge, and the pressure of public opinion, alone can 
work a cure, as, for example, in the case of the dwellings of our poorer classes. 
In many parts of the country the cottages are unfit for human beings ; in 
many of our towns, the cupidity of builders runs up houses of the most miser- 
able stBucture, for which there is unhappily no lack of applicants ; or masters 
oblige their men to work in rooms, or to follow plans which are most detri- 
• mental to health. 

But even^in such cases it will, I believe, be always found that self-interest 
would really indicate the course which is one of the foremost rules of religion, 
viz., that we should do for our neighbours as for ourselves. Analyse also the 
effect of such selfislmess and carelessness as I have referred to on the nation 
at large, and we shall find that the partial gain to the individual is far more 
than oountorbalancod by the injury to tlio State, by the discontent, reckless- 
ness, and indifference j)roduced in the persons who siiifer, and which may 
l|^ve a disastrous national result. It is but too commonly forgotten that 
the whole nation is interested in the j)roper treatment of every one of its 
members, aivl in its own inteuest has a right to see that the relations between 
individuals are not such as in any way to injure the well-being of the com- 
munity at largo. 

In many^cases;^ again, the employer of labour finds that, by proper sanitary 
care of his men, ho reaps at once an advantage in better and more zealous 
work, ill fewer interruptions from ill health, &c,, so that liis apparent outlay 
is more than compensated. 

This ip shown in the strongest light by the anny. The State employs a 
4arg(^ number of men, whom it places under its own social and sanitary con- 
ditions. It removes from thorn much of the self-control witli regard to 
hygienic rules which other men possess, and is therefore bound by every 
principle of honest iind fair contract to see tliat these men are in no way 
injured by its system. But more than this : it is as much bound by its seif 

researches and measures develops itself, it will be seen that even great wars and political eartli- 
qiiakes are really nothing in comparison with tliese silent social changes. Even now legislation , 
though fragmentary and in some respects contra* lictory, is beginning to exert a deep iiillnenye. 
In tb^last few years several impoi*tant Acts have been passed, viz., the Sanitiiry Act (7tli 
August 1866), and the Amended yanitary Act (July 1868) ; the Public Health (ScotJ and) Act 
(August 1867) ; the Act for providing better Dwellings for Artisans and Labourers (July 1868), 
and theWbriner Acts on the same subject in 1866 and 1867 : tJje Sewage Utilisation Act (August 
1867). The Public Health Act of 1872 has advanced the subject another stfigo, and tliongh 
some dissatisfaction has been expressed at its mode of working, thOre seems little *Ioubfc that 
its ultimate effect will be far deeper and more useful than ajjpears at first sight. Ijegislati**n, 
and action based on legislation, can only procee*! slowly, and we must be satisfied h there be 
a continual advance, though it may not be so nijud us some desire.* * 

♦ More recently the Public Health Act of 1876 has been passed, as wcll^us the Amended Adulteration Act 
the Rivers PoUutiun Act, and otliera 
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interest It has been proved over and over again that nothing is so costly in 
all ways as disease^ and that nothing is so remunerative as the outlay which 
augments health} and in doing so, augments the amount and value of the 
work done. 

It was the moral argument as well as the financial one which led Lord 
Herbert to devote his life to the task of doing justice to the soldier, of in- 
creasing the amount of his health, and moral and mental training, and, in so 
doing, of augmenting not only his happiness^ but the value of his services to 
the country. And by the side of Lord Herbert in this work was one whose 
name will ever be dear to the country, and whose life, ever since that memor- 
able winter at Scutari in 1855, has been given up entirely to tbo attempt to 
improve the condition of the soldier. 

This book has been written to assist in carrying out one of Lord Iferboi^’s 
plans, and in accordance with his wish, and with that of Lord de Grey, his 
friend, coadjutor, and successor. 

It has, therefore, been sketched on a narrower basis tlmn the longer treatise 
indicated above, whicli would have to deal with both sexes, all figes, and 
various trades and conditions. 

Although, however, as dealing with Military Hygiene, and drawing its 
chief examples from the soldier's life, it is a work on Army sanitation, it yet 
includes the great principles of hygiene applicable to all men — principles 
which, though here stated necessarily in the briefest and barast way, are, I am 
persuaded, fraught with benefit to all men, if they are properly interpreted 
and faithfully applied. 
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CHAPTER 1. 

WATER. 

• 

The supply of wliolesome water in sufficient quantity -is a fundamental 
sanitary necessity. Without it injury to health inevitably arises, either 
simply from deficiency of quantity, or more frequently from the presence of 
impurities. In all sanitary investigations, the question of the water-supply 
is one of the first points of inquiry, and of late years quite unexpected 
ovithmce luis been obtained of the frequency with which diseases are 
introduccMl by the agency of water. In sucdi an investigation, if the headings 
of the sub-sections of this cliaptor are followed, and the facts are noted under 
each heading in order, it will be hardly possible to overlook any condition 
wlfic.h may have affected health. The order of investigation would be as 
follows : — Quantity of water per head ; liow is it collected ; stored ; distri- 
^ T)ut(!(l ; what is its (jompositioh ; is it wholesome water at its source ami 
throughout, or has it been contaminated at any 2 >oint of its distribution ; what 
^ire the eflects presumed to arise from it?* 

SECTION I, 

ON THE QUANTITY AND SUPPLY OF WATER. 
Suu-Section I. — 1. Quantity of Water for Healthy Men. 

In estimating the quantity of water required daily for each i^crson, it is 
necessary to allow a liberal supply. There should be economy and avoidance 

* Army RefjulaUovjt on the subject of Watei \ — The Regulations for the Medical Department 
of Her Majesty’s Army frequently refer to the supply of water. In Part TI., Section i., para- 
Kraph 6 (issued as a circular July 1875, pending the complete issue of the Revised Regulations) 
the Surgeons General and Deputy Surgeons General are directed to ''ascertain that the water- 
supply is good and abundant, and perfectly protected from pollution.” Also, "thattlie means 
of ablution and cleanliness are sufficient and made use of by the men.” In the Sanitary Regula- 
tions (army circular, December 1876) Section ii. paragraph 6, the incdiciil ollicer in cliarge of 
troops ishrclered to examine, from time to time, "the quality and amount of dniiking-Avater," 
an\J to ascertain that there is "no soakage from latrines, cesspools, dmins, or other sources of 
impurity.” He is also ordered to ins})ect the lavatories and baths. In Sections vi. and vii. the 
same suptrvision over the water-supply of camps and garrisons and traiispor t ships is 
enjoined. 

WheTi an army takes the field a Sanitary Officer is appointed, and he examines into all 
sanitary points, including the water-supply. (Section viii. paragraph 63. ) 

In the qviarterly and annual reports tne water-supply has to bo considered, in con^mon with 
other sanitary conditions, including "the sources, quality, and quantity of the water-supply^, 
and whether it is wholesome, and what means of purifiontion are inaise, if such l>e necessary.” 
Also, * ' Baths and lavatories, their conditions, and if sufficient for cleanliness for troops 
and sick ; whether there are bathing parades and how,pften a week 

A 
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of waste ; but still, any error in supply had far better be on the side of excess. 
In England ^any poor families^ cither from the difficulty of obtaining water, 
or of getting rid of it, or from the habits of uncleanliness thus handed down 
from father to son, use an extremely small amount It would bo quite 
incorrect to take this Amount as the standard for the community at large, or 
even to fix the smallest quantity wliich will just suffice for moderate cleanli' 
nessr It is almost impossible to give a dehiiitioi;! of cleanlinass, nor perhaps 
is it necessary, since there is a general understanding of wliat is intrant 

It must bo clearly understood for what purposes water is supplied. It may 
be required for drinking, cooking, and ablution of persons, clothes, utensils, 
and houses ; for cleansuig of closets, sewers, and streets ; for the drinking and 
washing of animals, washing of carriages and stables ; for trade purposes ; for 
extinguishing fires ; for pu])lic founbiins or baths, &c. 

In towns supplied by water companies, the usujil mode of reckoning is^to 
divide the total daily supply in gallons by the total population, and to express 
the amount per head per diem. 

. The following are some of the gross amounts used at the present time for 
all the above purposes, as judged of in this way ; — 


Jfew liiver Company in London 1866,* 
Ejist Loudon Water- Work Company, „ . 
Chelsea „ „ . 

West Middlesex „ „ . 

Grand Junction „ „ . 

Southwark and Vauxhall „ „ . 

Lambeth „ „ . 

Southampton, „ „ . 

Glasgow, „ „ . 

Derby,! .... 

Kottiiigliam,! • ... 

Norwich,! . ... 

Edinburgh, . ... 

Idverpooi, . ... 

Sheffield .... 

Paris, . .... 

Calcutta (for European) . 

„ (for Natives) 

New York 


Oallons per head 
of population daily. 

23 

22 

33-8 


30 

34 

21 

34 

35 
50 

14 
17 
12 

‘ 35 
30 
20 
.31 
30 - 

15 - 
300 ; 


In 1857 the average suppply to fourteen English towns, of second-rate 
magnitude, was 24 gallons. The average of 72 Engliali and Scotch towns, 
supplied on the constant system, is 134-4 gallons per house, (but this includas 
the supply to factories, of which there were 16,087 to 889,028 houses), or (at 
5 persons to each house), 26*7 per head; of 23 towns, supplied on the in- 
tennittent system, 127 per house, or 25-4 per head, including 1367 factories to 
137,414 houses ; and of London, also on the intermittent system, 204, or 41 per 
head, including 5340 factories to 499,582 houses. (Sixth Report of the Rivei-s 
Pollution Commissioners, pp. 232, 233.) The range in individual cjuses is, how- 
ever, very gnjiit, from 20 gallons house (4 per head) at Iloywood, to 700 at 


* These and other London amounts are taken from the Report of the Committee of the 
House of Commons on the East London Water BiUs, 1867, p. 817. The Ediuburgli amount is 
taken from the same work. . 

/t From Mr Beggs’ pamphlet on ** Constant Water Supply,” issued by the Social Science 
Association. 
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Middlesborough (140 per head). Mr Bateman states that in the manufactur- 
ing towns of Lancashire and Yorkshire, the present amount ^s frgm 16 to 21 
gallons ; in some cases less, acconiing to the table in the Sixth Eeport of the 
ilivers Pollution Commissioners. 

At Norwich about 14^ gallons daily per head arc su^iplicd on the constant 
system, of which 10-5 are taken for domestic purposes, 3 for trade, and -7 
gallons for public and sanitary purposes.* In Mancli ester tlie supply is also 
constant, and is 14* gallons per head for domestic, and 7 for tnidc purposes. 

By a recent decision of the Secretary of State for war, a soldier is to receive 
15 gallons daily; no extra allowance is made for the wives and children in a 
regiment. 

The gross amount thus taken is used for dilferoiit purposes, which must bo 
now consuhiretl. ^ 

• • Amount for Domestic Fiirpose,% exdnding Wafer-Closets, 

This item includes drinking, cooking, wfishing the person, the clothes, the 
house utensils, and the house. 

An adult ijpquires daily about 70 to 100 ounces (31 to 5 pints) of water for 
nutrition ; but about 20 to 30 ounces of this are contained in the bread, meat, 
(Sjc., of his food, and the remainder is taken in some form of licpiid. There 
are, hoAV(iver, wide ranges from the avenge. Women drink rather less than 
men; children drink, of course, absolutely less, but more in proportion 
their bulk than lulults. The rules for transpoili ve*ssels allow 8 junts in, and 
6 out of the tropic-s for cooking and drinking. During hot wcjather and great 
exertion a man will, of course, drink much more. 

In some experiments made for the War Office in 1866, at the IHchmond 
Barracks in Dublin and the Anglesey Barracks in Portsmouth, the amount of 
the different items of the domq^tic supply (excluding latrines, winch tike 5 


gallons per head) is thus given : — 

Gallons per 
soldier daily. 

Cook-house, .... 

1 

Ablution rooms and baths. 

4 

(cleaning barracks, . 

Wash-house and married people, 

2-25 

2-5 

• 

9-75 


• I have measuwHl the water used in several cases ; the following was the 
amount used by a man in the middle class, who may be taken as a fair type 
of a cleanly man belonging to a fairly cle^m household : — 


Gallons daily per 
one ptM’son. 

Cooking, . . . . . . *75 

Pluids as drink (water, tea, coffee), . . . *33 

Ablution, including a daily sponge-bath, which ) 

took 2J to 3 gallons, . . . j ^ 

Share of utensil and house-washing , . . 3 

Share of clothes (laundry) washing estimated, . 3 


12 

These results are tolerably accordant with the Dublin experiments, if wo 
remember that with a large household there is economy of wati^r m washing 
utensils and clothes, and that the number of wives aiicl childniii in a regiment 

* Report by Mr ^ole. 
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is not great. In poor families, who draw water from wells, I have found the 
amount to very ff om 2 to 4 gallons per head, but then there was certainly not 
perfect cleanliness. 

Mr Bateman* states that in a group of cottages with 82 inmates, the daily 
average amount was 7| gallons per head, and in another group 5 gallons per 
head. Ur Letheby found in the poor houses in the city of London the amount 
to be 5 gallons, t In experiments in model lodging-houses, Mr Muir states 
that 7 gallons daily wtjre used.f Mr Easton, in his own 'house in London, 
found he used about 12 gallons per head, of which about 5 were for cjosets, 
leaving 7 for other uses; but I infer that the laimdr}^ washing was 
not included. In the convict prison at Portsmoutli, where there are water- 
closets,, and each prisoner has a general bath once a week, the amount is 11 
gallons (Wilson). 

In several of the instances just referred to, it may be questioned ^whether 
the amount of cleanliness was equal to what would bo expect('.d in the higher 
ranks. In most instances (pioted no general baths wore used ; but it is now 
becoming so common in England to have bath-rooms, that it is said they are 
often put even in eight-roomed housas. A genond bath for an acbdt rccpiires, 
with the smallest adult bath (/>., oidy 4 feet long and 1 foot 9 inches wide), 
38 gallons, and mfiny baths will contain 50 to 60 gallons. A good shower- 
bath will deliver 3 to 6 gallons. General baths used only once a-week will 
add 5 or 6 gallons per head to the daily consumption. 

I believe we may safely estimate that for ])ersonal and domestic use, without 
baths, 12 gallons |)erheail daily should be give.n as a usual minimum supjdy ; 
and with baths and perfect cleanliness, 16 gallons should bo allowed. This 
makes no allowance for water-closets or for unavoidable waste. If from wjnit 
of supi)ly the amount of water must be limited, 4 gallons daily })er head for 
adults is probably the least amount which oug'^it to be used, and in this case 
there could not be daily washing of the whole l)ody, and there must be in- 
sufficient change of under-clothing. 

If puldic baths are used the amount must be greatly increased. The largest 
baths the world has seen (those of Ancient liome) demanded a supply of 
water so great as, according to Leslie’s cidculatipns, to raise the daily average 
per head to at least 300 gallons. 

Amount for Water-Closets, 

The common arrangements with cisterns allow any quantity of water to bo 
poured down, and many engineers consider tliat the cliief waste of water is 
owing to water-cl(jsets. In some districts, by attention to this point, the con- 
sunipfiou has been greatly reduced; in one case from 30 to 18, and in another 
from 20 to 12 gallons per head. It has not yet been precisely determined 
what (piaiitity should be allowed for water-closets. Small cisterns, termed 
water-waste preventers, are usually j>ut up in to^vns with constant water 
supply, which give only a certain limited amount each time the closet is used. 
The smallest water-waste preventer holds ^ gallon, but this is too little. 'J'he 
better kinds hold 1 to 2 gallons ; but even 2 gallons are often insufficient to 
keep the i)an and soil-j)ipe perfectly (dean ; the water-waste preventer must be 
sometimes alIow(?d to fill again, and be again emptied. Considering fdso that 
some persons will use the closet twice daily and sometimes. oftener, and that 
occasionally more water must be used for thoroughly flushing the pan and 

* On '‘Constant Water Sivpply,” By Messrs Bateman, Beggs, & Rendle. 1867. 

+ Report of the East London Water Bill Committee, 1867. Que-stious 2346 and 2347. 

JIbid. p. 5. 
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soil-pi])c, 6 gallons a-day per liead should probably be allowed for closets. In 
this particular instance a false economy in the use of water is most undesirable. 
AV''ater latrines require less ; the amount is nit precisely kii#wii f the experi- 
ments of the Royal Engineers at Dublin give an avemge of 5 gallons per 
liead, but it is considered this might be reduced. ^ 

In fixing the above quantiti(is, viz., 12 gallons per head for all domestic 
])urposes excejit general baths and closets, 4 gallons additional for general 
baths, and 6 for water-closets, I shall be considered by some to have fixed the 
daily supply too high, while by others I shall be accused of the contniry fault. 
I have endeavoured to base it on facts, and do not think 1 am inucli in error. 
It is, however, necessary to make some allowance for unavoidable wast(‘, and 
for extra supjdy to closets, and it will be a moderate estimate to allow 3 
gallons daily per head for this i)urpose. This will make 25 gallons. * 

There is another reiuscA for believing that an amount of about 25 gallons 
pA* head, should pass from every liouse daily into sewers, if sewei's are useil. 
It ivS that in most cases this (piantity seems necessary to keep the sowers 
perfectly clear, though in some cjises, no doubt, with a well-arranged and con- 
structed sewerage, a less amount may sidfice. But the complete clearage of 
senvers is a Ihatter of such fundamental importance that it is necessary to take 
the safest course. 


A mount for Aravinh. 

From experiments conductetl in some cavalry stables in 1806, by the Royal 
Engineei’s, the War (.)fiice authorities have fixed the daily supjdy for cavalry 
homes at 8 gallons, and for artillery horses at 10 gtillons per liome. I'his is 
to include washing horses and carriages. The amount seems rather small. 

course the amount that horses drink varies as much as in the ciuse of num, 
and dcjpends on food, weather, and exertion ; but if a home is allowed free 
access to water at all times, ami this should be tluj case, he will drink on an 
average 6 to 10 gallons, and at times more. In the month of October, with 
cool weather, I found a horse 16 hands high, doing 8 miles a-day carriagii- 
work, and fed on corn and hay, drank 7| gallons. Another carriage horse 
drank nearly thc^ same amount. In a stable of cavalry horses, doing very 
little work, and at a cool time of the year, I found the amount per horse to be 
6^ gallons. The amount us^d for washing was 3 gallons daily. In hot and 
dirty weather the quantity for Imth purposes would be larger. For washing 
a horse requires at legist 1^ gallon, and twice this amount if ho is washed 
twice a-dky. Thei'c is a saving, however, if grooms* wash several horses in 
llie same water. It is difticidt to say how much is used for caiTiagtvwfishing. 
On the whole, including carritige Wrishing, &c., 16 gallons ])er horse is iiot an 
excessive amount. A cow or an ox, on dry food, will drink 6 or 8 gallons ; 
a sheep or pig, | to 1 gallon. In the Abyssinian expedition, the following 
was the calculation for the daily expenditure of water p(ir head on ship- 
board : — 


Ele})hants, 

Camels, 

0xen (laige draught), , 
Oxen (small pack animals), 

S orses, 

ules and ponies 



For 20 elephants and 100 men, 50,000 gallons were put on board for a 
voyage of 60 days.* • 


♦This information was derived from Major Holland, Assistant Qnarleriiiaster-ffeiieiaJ, 
Abyssinian Army. 
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Amounts required for Municipal and Trade Purposes. 


For munijipal^puiTposcs wateikis taken for washing and watering streets, for 
fountains, for extinguishing fii'es, &c. The amount for these and for trade 
purposes will vary greatly. Professor Ihiukine,* who gives an average 
allowance of 10 gallon! per head for domestic purposes, proposes 10 more for 
trade and town use in non-manufacturing towns, and another 10 gallons in 
manufacturing towns. Considering, however, the comparatively small number 
of horses and cows in towns as compared with the human population, and the 
frequent rains in this country which lessen watering of streets, these quantities 
might, perhaps, in most cases b(} halved. 

If, now, the totfil daily amount for all purjioses be stated per head of 
population, it will be as follows : — 

6 illons. 


Domestic sujqdy (without baths or closets), 
Add for general baths 
Water-closets, . . . . 

Unavoidable Waste, 


12 
^ 4 
6 
3 


Total house supply, . . . . .25 

Town .and trade purposes, animals in non-manufacturing town, 5t 
Add for exce]>tioiial manufacturing towns, ... 5 


35 

In India and hot countries generally, the amounts now laid down would 
have to be altered. Much more must be allowed for bathing and for washing 
generally, while a fresh demand would arise for water to cool mats, punkahs, 
or air-passages by evaporation. In Calcutta it is intended to supply to 
Europeans 30 gallons per head, and to nativesi-15 gallons daily.J 

In Madras, it appears to l)e assumed that the ultimate amount used will be 
20 gallons per head, iinduding all rcsidents.§ 


2. Amount Required for Sick Men. * 


In hospitals a much larger quantity must be provided, as there is so much 
more washing and batliing. From 40 to 50 gallons per head are often used. 
I know of no good experiments as to the items of the consumption, but I 
think the following is n^ar the truth — 


For drinking and cooking, washing kitchen and 
utensils, .... 

For personal washing and general baths, . 

For laundry wjxshing, 

Washing hospital, utensils, &c., 

Water-closets, .... 


Gallons daily. 

2 to 4 

18 to 20 
5 to 6 

3 to 6 
10 


38 to 4G 


It wduld be very desirable to have more precise data ; possibly the amoudt 
for closets is put too high, but not greatly so when all cases arc taken into 
account. 


*1 Civil Engineering, 1862, p.’731. 

t This allowance will vary ui every case, and must be very uncertain. 
X Glonloii’s ArmyiHygione, p. 426. 

^ Report by Captain Tulloch on the Drainage of Madras, 1865, p. 93. 
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SuB-SscTion IL — Collection, Storage, and Distribution op Water. 

The daily necessary quantity of water j^r Jioad being determined, the next 
points are to collect, store, and distribute it * * 

1. CoiAiBCTION. 

In many cases collections of water occur naturally in the depressions of the 
surface, or the commingling of small streams forms rivers. The collection by 
men consists almost entirely in imitating these natural processes, and in 
directing to, and finally arresting at some point, the rain or the streamlets 
formed by the rain. The arrangements necessarily differ in each case. 
Kaiii-water is collected from roofs, or occasionally from pavements and flags, 
or cemented ground ; in hilly countries, with deep ravines, a reservoir is 
sometimes foniied by carrying a wall across a valley, which is well placed for 
receiving the tributary waters of the adjacent hills, or on a flatter surface 
trench may be arranged, leading finally to an excavated tank. 

The collection of the surface water which has not penetrated is usually 
* aimed at, but it has been proposed by Mr Bailey-Denton* to collect the sub- 
soil water Ijy drainage pipes, and thus to accomplish two objects — ^to dry the 
land, and to use the water taken out of it. Below the surface the water is 
collected by wells, shallow, deep, and Artesian, or by boring. 

With respect to wells, if they are situated near a river, and do not produce 
sufficient water, it has been recommended to lay perforated eariheiiware pipes 
parallel to the river, and below its fine-weather level, in trenches not less than 
fi fijct deep, and filled up above the pipes with fine gravel. The pipes end in 
the well, and water passing from the river and filtered through the gravel 
p^ses into them. The American tube-well (Norton^s patent) is a very useful 
invention. It is merely a small iron pipe driven into the ground in lengths 
by means of a “ monkey ; ” tb^ water pa.sses through small holes in the lowest 
part of the pipe, and is drawn up by a common or double action pump 
according to the depth. t 

All these matters fall within the province of the engineer, and the medical 
part of the rfiucsHion is chiefly restricted to the consideration of the purity of 
the water. The cleanliness and nature of the surface (lead, zinc, copper, &c.) 
on which rain fdls ; the kirili of ground ; and of cultivation ; tlio amount of 
manuring ; the nature of the subsoil if drainage water is used, and i)oints of 
the like kind, have to be considered and supplementetl by a chemical 
oxaminafion. 

Jiain. — The amount of water given by rain can be easily calculated, if two 
points are known — viz., the amount of rainfall, and the area of the receiving 
surface. The rainfall can only bo determined by a rain-gauge (the mode of 
constructing which is given in the chapter on Practical Meteorology) ; the 
area of the receiving surface must be measured. 

Supposing that it be known that the rainfall amounts to 24 inches per 
annum, and the area of the receiving surface (say the roof of a house) is 50& 
square feet;. 

Multiply the area by 144 (number of square inches in 1 square foot), to 
bring it into square inches, and multiply this by the rainfall The^product 
gives tjie number of cubic inches of rain which fall on the house-top in a year, 
or in any time the rainfall of which is known. This number, if divided by 
277*274, or multiplied by *003607, will give the number of gaUons which 

• 

* On the Supply of Water to Villages and Farms, by Mr Bailey-Denton, C.E. 

+ In the Ashantee Expedition the tube well did not succeed/i as it got clogged with sand. 
(See Sir A. D. Homo’s Report, Army Medical Reports, vol. xv. p. 247). 
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the roof of the house 'Nvill receive in a year (viz., in this case 6232 gallons)*; 
or, if it is wished to express it in cubic feet, the number of cubic inches must 
be divided bv 1^8 (number of ^ubic inches in a cubic foot), or multiplied by 
•00058. 

To calculate the receiving surface of the roof of a house, we must not take 
into account the slope* of the roof, but merely ascertain the area of the flat 
space actually covered by the roof. The joint areas of the ground-floor rooms 
will be something le^ than the area of the roof, which also covers the thick- 
ness of the walls and the eaves. 

In most English towns the amount of roof space for each person cannot be 
estimated higher than 60 square foot ; and in some poor districts is much less. 
Taking the rainfall in all England at 30 inches, and assuming that all is saved, 
and that there is no loss from evaporation, the receiving surface for each person 
would give 935 gallons, or 2^ gallons a-day. Ilut rJ3 few town housfjs have 
any reservoirs, this quantity runs in great part to waste in urban ^Ustrio^js. 
In the country it is an important source of supply, being stored in cisterns or 
water-butts. If, instead of the roof of a house, the receiving surface be a^ 
piece of land, the amount may be calculated in the same way.* It must be 
understood, however, that this is the total amount reaching the ^'ound ; all 
of this will not be available ; some will sink into the ground, and some will 
evaporate ; the quantity lost in this way will vary with the soil and the season 
from one-lialf to seven-eighths. To facilitate these calculations, tables have 
been constructed by engineers.! 

One inch of rain delivers 4*673 gallons on every square yard, or 22,617 
gallons (101 tuns l)y weight) on each square acrti.| 

In estimating the annual yield of water from rainfall, and the yield at any 
one time, we ought to know the greatest annual rainfall, the least, the average, 
the period of the year when it falls, and the length of the rainless season. It 
must also be remembered that the amount of rilinfall diffem very greatly even 
in places near together. 

Springs, Rivers , — It will often be a matter of great importance to determines i 
the yield of springs and small rivers, as a body of men may have to be i)laced 
for some time in a particidar spot, and no engineering opinion, perhaps, can 
be obtained. ^ 

A spring is mesisured most easily, by receiving the water into a vessel of 
known capacity, and timing the rate of filling. The spring should bo oj)ened 
up if necessary, and the vessel should be of largo size. Tlie ves’sej. may be 
measured eith(ir by filling it first by meiins of a known (pint or gallon) 
measure, or by gauging it. If it be round or square, its capacity can bo at 
once known by metisuring it, and using the rules laid down in the chaptcjr for 
measuring the cubic amount of air in rooms. The capacity of the vessel in 
cubic feet may be brought into gallons if desirable, by multiiflying by 6*23. 
If a tub or cask only be prociuablo, and if there is no pint or gallon measure 
at hand, the following rule may be useful : — 

Take the bung diameter in inches, by measuring the circumference at the 
bung, dividing by 3*1416, and making an allowtinco for the thickness ^of the 
staves; square the bung diameter, and multijfly by 39. Take the head 
diameter by direct measurement, and square it, and multiply by 25. Multiply 


* 9 square feet — 1 square yard, | Square yanls x ’0002067 = nones. 

4840 square yarcls 1 squai-e aore. Lineal feet x *00019 =» miles. 

640 square acres »» 1 scniare mile. I 

•f* BeardmoVe's Manual of Hydrology, p. 61. 

J To bring cubic inches into gallons, multiply by 40 and divide by 11,091, or multiply at 
once by *003607. 
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6ne (liametor by tbo other, and the product by 26. Add the sums, 
and multiply by the length of the cask; then multiply by *000031473, and 
the result is given in gallons.* • 

When it is required to ascertain the yield of any small water-course with 
some nicety, it is the practice of engineers to dam up^the whole stream, and 
convey the water by some artificial channel of known dimensions. 

1. A wooden trough of a certain length, in which the deptli of water and 
the time which a float takes to pass from one end to the other is measured. 

2. A sluice of known size, in which the difference of level of the water 
above and below the sluice Ls measured.f 

3. A weir formed by a plank set on edge, over which the water flows in a 
thin sheet, and the difference of level is measured between the toj) of the 
plank and the surface of the still water above. Then by means of a table the 
amount of water delivered per minute is read off. The weir must be formed of 
v»ry thin board and be perfectly level ; a plumb-line has generally to be used. X 

The same object may, however, be attained with sufticient accuracy 
, for the puri)oscs of the medical officer by selecting a portion of the stnjum 
where the channel is pretty unifonn, for the length of, Sfiy not less than 
12 or 15 jnrds, and in the course of which there are no eddies. Taktj 
the breadth and the average depth in three or four places, to obtain the 
sectional ai’ea. Then, dropping in a chip of wood, or other light object, notice 
how long it takes to float a certain distance over the portion of chanjicd 
chosen. From this can be got the surface velocity per second, which is 
greater of couise than the bottom or the mean velocity. Take four-fifths of 
the surface velocity (being nearly the proportion of mean to surface velocity), 
and multiply by the sectional area. The result will bo the yield of tbe 
stteam per second. 

It may sometimes be worth while, if labour bo at hand, to remove some of 
the in'egularitios of the channel, or oven to dig a new one across the neck of 
a bend in the course of the stream. 

• The yield of a spring or small river should be determined several* times, 
and at different j^eriods of the day. 

Wells . — The yield of wells can only be known by pumping out the water 
as far as can be done, and lioticing the length of time required for refilling. 
In cases of copious flow of water, a steam-engine is necessary to make any 
impression ; but, in other cases, pumping by hand or horse labour may bii 


* * Nesl)it*8 Practical Mensuration, 1859, p. 809. Another rule, applicahle to common fornifi 
of casks is to multiply the cube of the diagonal by 0 •00*225 ; the cube of the diagonal is got by- 
adding the scpiare of half the sum of the diameters to the smiare of half the length then 
this sum multiplied by its scpiare root gives the cube of the diagr)nal. Tliis and many other 
useful calculations can be very conveniently don© by means of the common, or carpenter’s, 
slide-rule. 

f Discharge of water through a sluice. — Multiply breadth of opening by the height ; tliis 
gives the area of the sluice. 

Discharge^wrea, viultipUed hy Jive times the square root of head of water in feet. 
head of water is the difference of level of the water above and below the dam, if the sluice be 
entirely under the Ipwer level ; or the height of the ui)per level above the centre of the 
openings if the sluice be above the lower level. 

X Discharge of water oner a weir 1 foot in length. — If the weir is more or less than a foot, 
multiply the quantity in the table opposite the given depth by the length of the weif in feet, 
or decimals of a foot. 


Depth falling 
over, inches. 


Discharge per 
minute. 

1*70 cubic feet. 
4-82 „ „ 

8*84 „ 

18*63 


Depth falling 
over, inches. 

f : 

3i . 


Discharge per 
min arc. 

19*70 cubic feet. 
26*62 „ „ 
38*22 ,, 

40*71 


Thus, if the weir measure 1 foot, and the depth of water falling ever be 2 inches, the delivery 
is read at once, viz,, 13*63 cubic feet, or 84*9 gallons per minute. 
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sufficient perceptibly to depress the water, and then, if the quantity taken out 
be measured, and the time taken for refilling the well bo noted, an approxi- 
mate estimate cafti be formed of the yield. 

Permanence of Supply . — It is obvious that the permanence of the supply 
of a spring or small siream may often be of the greatest moment in the case 
of an encampment, or in the establishment of a permanent station. 

In the first place, evidence should, when available, be obtained. If no 
evidence can be got, and if the amount and period of rain be not known, it is 
almost impossible to arrive at any safe conclusion. The country which foims 
the gathering ground for the springs or rivers should bo considcjred. If there 
be an extensive backgroimd of hills, the springs towards the foot of the hills 
will probably be permanent. In a flat country the permanency is doubtful, 
unless there be some evidence from the temj)erature of the spring that the 
water comes from some depth. In limestone regiftns springs are ofhui fed 
from subterranean reservoirs, caused by the gradual solution of the locks 
the water chaiged with carbonic acid ; and such springs are very 2)ermanent. 
In the chalk districts there are few springs or streams, on account of the# 
porosity of the soil, unless at the point the level be considerably below that 
of the country generally. The same may be said of the sandstone formations, 
both old jind new; but deep wells in the sandstone often yield largely, as the 
penneable rocks form a vast reservoir. In the granitic and traj) districts, 
small streams are liable to groat variations, unless fed from lakes ; springs arc 
more permanent when they exist, being perhaps fed from large collections or 
lochs. 

2. Storage, 

The amount of storage required will depend on circumstances, viz., Mie 
amount used, and the ease of replenishing. It is, of course, easy to calculate 
the apace rec^uired when these conditions adi known, in this way: — The 
number of gallons required daily for the whole population must be divided by 
G-23 to bring into cubic feet, and midtiplied % the number of days which* 
the storage must last; the product is the necessary size of the reservoir in 
cubic feet * 

Many waters, particularly rain water, must filtered through sand beforti 
they pass into small cisterns, and the filter should be chianed every three or 
four months. Fig. 1. is a single filter recommended by the Jlarnick Com- 
mission. * 

A double filter can bo made by having a second chamber. 

Whatever be the size of the reservoir, it should be kept carefully clean, 
and no possible source of contamination should be permitted. In the large 
reservoirs for town supply, the water is sometimes rendered impure by floods 
washing surface refuse into them, or by substances being thrown iiL In fact, 
in some cases, water pure at its source becomes impure in the reservoirs. 

Some large cities are still supplied principally by rain water, as Con- 
stantinople — where under the houses are enormous cisterns, — ^Venice, and 
other places. Gibraltar and Malta are in part supplied in this way. ^ 

As :Jar as possible, all reservoirs, tanks, &c., should bo covered in and 
ventUated ; in form they should be deex? rather than extended, so as to lesseJii 
evaporation, and secure coolness. Though they should be periodicaHy and 
carefully cleaned, it would appear that it is not always wise to disturb water 
plants* which may be growing in them; some plants, as the Protococcus, the 
Chara, and others, give out a very laige amount of oxygen, and thus oxidise 


* Report on the Mediterranean Stations, 1863. 
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and render innocuous the organic matter which may he dissolved in the water 
or volatilised from the surface.* Dr Chevcrs mentions that the water of 
some tanks which were ordered to be clearei of water plants Sir Charles 
Napier, deteriorated in quality. Other plon^ however, as some species of 
duckweed (Lemna at homo, Pistia in the tropics), arc said to contain an acrid 
matter which they give olf to* the water. It would be well to remove 8(mi(3 
of the plant, place it in pure water in a glass vessel, and try by experiment 



Fig. 1. 

wtiether the amount of organic matter in the water is increased, or whether 
any taste is given to the water. Dead vegetable matter should never liiul its 
, way into, or at any rate remain in, the reservoir. 

Whenever a reservoir is so large that it cannot be covered in, a second 
* smaller covered tank, capable of holding a few days* supj)ly, might he iuh> 
vided, and lihis might be fitted with a filter, through which the water of the 
large reservoir might be led as required. 

When tanks are largo the) are made of earth, stones, or masonry ; if inoiiiar 
be used, it should, as in the case of the smaller reservoirs, be hydraulic, so 
that it may -not be acted on by the water. 

The rndterials of small reservoirs and cisterns are stone, cement, brick, slate, 
tiles, lead, zinc, and iron. Of these slate is the best, but it is rather lialde to 
leakage, and must be set in good cement ; common mortar must not bo used 
for stone or cement, as lime is taken up and the water becomes hard. Leaden 
cisterns, as in the case of leaden pij)es, may yield lead to water, and sliould bo 
used as little as possible, or should be protected. Lead cisterns ai^e often 
con*oded by mud or mortar, even when no lead is dissolved in the water. 
Iron cisterns and pipes are often rapidly eaten away ; they are now sometimes 
protected by being covered inside with Portland cement or with a vitreous 
glaze. • Crease’s' patent cement is a very useful covering. Perhaps Barfi‘*s 
jg-ocess of producing the magnetic oxide on the surface of iron may 
be utilised. Iron tanks are now very much used. They must be covered, and 
ill In(fia be protected from the sun. Zinc has been said to be a good 
material ; water acts a little upon it, but generally the compounds formed 
(hydrated oxide, zinc uLmatof) are almost insoluble. Nevertheless it is said 


♦Clemens in Archiv. fiir Physiol. Heilk.*1853. 
f Fonssugrives, Ann. d*Hyg. Jan. 1804. p. 8&7. 
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that water passing through zinc pipes, or kept in zinc pails, may produce 
symptoms of metallic poisoning.* 

Cisterns ^lould always be well covered, and protected as much as possible 
from both heat and light. Care should always be taken that there is no 
cliance of leakage of pipes into them. A common source of contamination is 
an overflow pipe passing direct into a sewer, so that tlie sewer gases pass up, 
and being confined by the cover of the cistern, are absorbed by the water ; to 
prevent tliis, the overflow pipe is curved so as to retain a little water and form 
a trap, but the water often evai)orates, or the gases force their way through it ; 
no overflow pipe should therefore open into a sewer, but should end above 
ground over a trapped grating.t A cistern supplying a water-closet should not 
be used to siipjdy cooking and drinking water, as the pipes leading to the 
closet often conduct closet air to the cistern. Hence, a small cistern (waU^r 
waste 2>reventer) should be used for each closet. Cisterns should be jieriodi- 
cally and carefully ins})ccted ; and in every new building, if they ar»'. jdac^sd 
at the top of the house, convenient means of access should bo 2)rovided. 

Tanks to hold rain-water retjuire constant inspection. 

Wells (wliicli are really reservoirs) are very liable to contamination from 
surface Wiishings during rains. A good coping will often prevenff this ; hut if 
there is much subsoil soaking, lining with iron to a certain depth, or covering 
with brickwork set in cement for a sufficient depth, to arrest the flow, iiuiy bo 
desirable. 

3. Distribution. 

‘^^^:len houses are removed fix»m sources of water the supidy should be by 
afpieducts andjnpes. The distribution by hand is rude and objectionable, for 
it is imj)ossble to supjfly the j)roper (luantity, and the risks of contamination 
are increased. Some of the most extraordinary of the Koman works in both 
the Eiistern and Western Empires were un<lertaken for the 8iip2)ly of writer — 
works whose ruins excite the astonishment and should rouse tlie emulation of 
modern nations. 

The idans for the distribution of water should include arrangements for the’ 
easy and iiu mediate removal of dirty water. This is an essential point, for in 
many towns where houses are not properly arranged for small families, there 
are no means of getting rid of water from the "apjier rooms, and this incon- 
venience actually limits the use of water, even when its suj)2)ly is ain})hi. 

The siijiidy Of water to houses may be on one of two systems, intermittent 
or constant. The difterence between the two plans is, that in the first case 
there is storage in the houses for from one to three days ; while in the latter case, 
there is either no storage, or it is only on a very small scale for two purposes, 
viz., for water-closets and for the supidy of kitchen boilers. J It should, how- 
ever, he understood that the constant sttj)plydoes not mean an unlimited sup- 
ply, nor is it the fact that the water in the house pij)es is always in direct 
communication with the water in the reservoirs. On the contrary, the water 
to the houses is often cut ofi', particularly in places . whore the supjily is 
limited, and fittings are not good, and there is great waste.* 

* My friend. Dr Orsbom, of Bitteme, has seen several cases of this kin<l. [In some cases, 
at least, water left in the so-called galvanized vessels for any length of time, — a good mary 
days, — tastes strongly of zinc salts. — F. de C.l 

t For an instance of Typhoid fever produced by this cause, see Lectures on State Me«licine, 
by F. de Cliaumont, p. 76, 77. 

J Much valuable evidence on the constant supply may be found in the Report of the ITouse 
of Commons Committee on the East London Water Bills, 1867. It is curious to see how diffi- 
cult the definition of a constant supply was found to be. The difference of opinion between 
engineers on the desirability of a constant supply is shown to be considerable. The statements 
in the text are drawn from a collation of this evidence, and from a consideration of Mr I'ate- 
man’s pamphlet, and many other works. 
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The great aiguments against storage on the premises (except on a limited 
scale for closets and boilers) are the chances of contamination in gisterns, and 
the very imperfect means of storage. In poor houses wooden cfisks or barrels 
are often used, and may be placed in the worst situations. The arguments 
against the storage system are certainly directed in fart against removable 
failures. If every house had a good cistern in a proper place, z.e., secmvd 
from contamination, and capable of easy inspection and cleansing ; if, in fact, 
the detads of the system were good, it might be argued that storage on tlie 
premises would be the best plan, as giving without fail, and at all times of 
<iay and night, a sufficient supply of water, not merely for common use, but 
for emergencies. It must, however, be admitted that, especially in poor 
houses, the inspection and cleansing even of a well-placed cistern will never 
bo properly done, and tliat with all procautiotis the chances of contamination 
of^tho water during storage are very great. As regards this point, the constant 
system ^as a very great superiority, for there is no chance of contamination 
except in the reservoir or in the pipes. So great an advantage f . this in a 
* sanitary point of view, that almost ^ those who have paid most att(intion to 
sanitary aftpirs have advocated the constant system. It is, however, (^uite 
necessary that it should be understood what the constant system sometimes is 
in practice. When there is an abundance of water, as at Glasgow, the 
stoppage's of water may be few, but when water has to bo economised, the 
water is from time to time shut off from the house pipes, and then no wat(3i* 
may be procurable for hours. This, however, is avoided as much as possible 
in the day tune, so that the inconvenience is reduced to a minimum. In somij 
cases, again, in order to economise water, a throttle or ferule is introduced into 
tl^ communication or house pipe,* lessening the diameter to ^th or even to 
-j^jjth of an inch, or smaller, so that if the heiid of pressure be small the water 
Hows very slowly, and sam(jtir\es merely dribbles. In other cases, a meter is 
• put on a i)ipe communicating with several lious(is ; and the o'wner of the houses 
^is chfirged for the water, and this leads him to enforce a very sparing use of 
it. In all these ways the constant syshiin may tell against the consumer ; 
while, on the other hand, gi*eat waste, leaking fittings, and framliilent abstrac- 
tion of water (to avoid which there are several ingenious contrivances) tell 
against the company, and lead to a depreciation of their projjorty. Another 
injury is also sometimes inflicted on the company, for their littings are stolen, 
ajid besid^' the loss, an enormous waste of water may be caused, and not bo 
detected for some time. 

In spite of all tlioso difficulties, the system of constant supply, in souu3 
sha|)e or other, has been carried out in about 150 towns in England ; t and the 
Metropolis Water Act of 1871 has now ordered constant supply for London, 
if demanded by the rate-payers, and if proj)er fittings are provided. 

In providing a constant supply, certain precautions are n(3cessary. Th(3 
fittings must be as perfect as possible. In some cases, when the system has 
been chfinged from the intermittent to the constant system, as in Chester, t]i(3 
waste of water has been so great that the old plan luis been recurred to. 
C/omnfbn taps do not answer, and the best screw taps and iittiugs njust be. 
need. I To prevent theft, it has been proposed to make the removal of ffi'ttings 


* The terms used to describe the pipes differ a little apparently ; the mains and district or 
sub-mains are the large pipes, which are always full of water, the latter being of course the 
smaller ; the service-pipe is another term for a district main. The conimunicatioivi)ipe is that 
which runs from the service-pipe to the house, and in the house it takes the name of house- 
pil>e. 

+ Mr Beggs* Pamphlet, op, cit, page 20. 

X A bad ball-cock has been known to drop 12 gallor^ a dny. 
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a specific offence, punifelied summarily by imprisonment, and la> place the 
sale of sucl^ pro^rty under th» same restrictions as in the case of Crown 
property. 

One important sanitary advantage of the constant system is that, in order 
to facilitate inspection tod detection of waste, no waste pipe is allowed to open 
into a sewer, but it is always so placed that any escape of water can be easily 
seen (the so-called warning pipe). The great evil of sower gases being con- 
ducted back into houses through overflow pipes is thus avoided. Careful 
inspection and good fittings so far lessen the waste of the constant system, 
that in some cases less water is used than under the intermittent plan.* 

Some engineers have pix)posed what may be called a compromise between 
the intermittent and constant systems. They would allot to a house of a 
certain size and population a given daily amount of j^rater, and give an cipial 
storage, with a cistern, and would then deliver through a tube with a very 
small orifice an amount of water in twenty-four hours just eipial*to tfie 
storaga In that way the day would commence with the storage of the night, 
which would be sufficient for the morning washing. The water company 
could not lose in this way; and it would be for the tenant to loQk after his 
fittings if at any time he found himself without water. The objection to tliis 
j)lan is that cisterns are reintroduced, and their lessened size docs not remove 
the objections to them. 

If the constant system is used, a good screw stop-cock, available to the 
tenant, should be placed at the point of the entrance of the pipe into the 
house, so that the water may be turned off if pil)es burst, or to allow the pipes 
to be empty, as during frost. Every precaution must be taken that impure 
water is not drawn into the pipes by a pipe being emptied and sucking ijp 
water from a distance, f 

For the supply of a very large city, it might ^be desirable to divide the city 
into sections, and to establish a reservoir for each district, holding three or 
four days’ supply. In this way the waste of one section would not take away 
the water from another. In some instances, people in one part of a town * 
supplied with the constant system, have used so much watef'for gardems that 
other parts have been altogether deprived of supply. The system of secondary 
rcserv(jirs would not only lessen this chance, bul would make it possible to 
ascertain that every pai-t of the town was getting its supply. The number of 


* Evidence of Mr Easton in the Report of Committee on the East London Water Bills, 1867. 

The Board of Tnwie Issued a Minute in 1872 laying down regulations and defining tlio 
kind of fittings and arrangements for London ; the following are the principal points : lend 
pipes to be of certain strength (if inteiiial diameter is | in., \ in., gin., | in., 1 in., in., 
the respective weights jier lineal yard are to bo 5 lb., 6 lb., 7i lb., 9 lb., 12 lb., 16 lb.). 
Every pipe in contact with the ground to l»e of lead ; each house to have a communication pipe, 
but only one, unless an owner has it for a block of houses ; connection of every communication 
pipe to be by a brass screwed ferule or stop-cock with a clear area of water way equal to ^ 
inch, every joint to be a “plumbing” or “wii)e” joint. No pipe to pass through an ash-pit, 
manure heap, drain, unless it cannot be avoided, and then the pipe is to bo laid in an exterior 
cast-iron pipe or jacket ; each pipe in the ^nnd to be 30 inches below surface ; each com- 
munication pipe to have near the entrance into the house a screwdown stop-valve ; if in the 
ground such valve to be protected by proper cover and guard box ; every cistern to be water- 
tight, to Ijave a goo<l “ ball-tap no waste-pipe except a “ warning pipt^,” and such warning 
pipe to be so placed as to be easily inspected. No cistern buried in ground to be used^ 
wooden cisterns to have metallic linings ; every water-closet, urinal, or boiler shall be seryed only 
from a cistern, and shall not be in direct comimmication with the water-pipes ; closets and 
urinals to have water- waste preventers; every “down pipe” into a water-closet to have an in- 
ternal diameter of not less than 1 J inch, and to weigh not less than 9 lb, per lineal yard. No 
bath to have^ an overflow pipe except of the “ warning” kind ; the outlet must be distinct 
from the iiilel;, and the inlet sliall be higher than the highest stand of the water. Lead warning 
pipes, of which the ends are open, and which cannot remain charged with water, may have 
the following minimum weight ; J inch diameter to have a weight 3 lbs. per yard ; J in., 5 lbs. ; 
1 in., 71b8.( 
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■vrater companies in London has in fact somewhat this effect, hut the subdivi- 
sion is not carried far enough. ^ , 

To sum up the comparative sanitary advantages of the two systems, I 
believe it may bo said that either would answer if perfectly carried out; but 
that the constant system is safer, especially for poor houses, as it leaves no 
loop-hole for inattention in the cleansing of cisterns. Only, it ret][uires that tlie 
constant system should really fulfil the conditions laid down for it, viz., it 
should deliver sufficient water «and at all times, and not merely delude us with 
a phmse. 

In both plans, the water is conducted from the reservoirs in ])ipes. Tlio pipes 
are composed of iron, masonry, or earthenware for the larger pipes or mains, 
the iron being sometimes tinned or galvanised, or lined with concrete, or 
pitched, or covered with a viti* * * § eous glaze, such as that patented by Do 
Lavei^ant ; for the smaller pipes, iron, lead, tin, zinc, tinned copper, earthen- 
ware, giitta^*percha, &c., are used. 

Dituminised paper pipes were sometime since brought into the market, 
bufr they have not succeeded; after a time they become soft. Pipes of 
artificial stone are now, it is said, able to be made. Iron is the best material 
for the larger pipes, and iron or non-metallic substances for the sinaller pi])es. 

Water should be distributed not only to every house, but to every floor in 
a house. If this is not done, if labour is scarce in the houses of j)oor people, 
tlie water is used several times ; it becomes a question of lal)our Jind trouble 
verfivs cleanliness and health, and the latter too often give way. Means must 
also be devised for the sj)cedy removal of dirty water from houses for the 
same niasons. In fact, houses let out in lodgings should bo looked upon, not 
as jingle houses, but as a collection of dweUings, as they really arc. 


ACTION OP WATER ON LEAD PIPES. 

Ill ere are more discrepancies of opinion on this subject than might have 
been anticii)ated. 

From an analysics of most of the works, the following points appear to ho 
tlie most certiiin : — 

1. The waters which act n^ost on lend are the purest and most highly 
oxygenated; also those containing organic matter, nitrites (Medlock),* 
nitrates,! and according to several observers, clilorides. J Besides the portion 
dissolved, a film or crust is often formed, especially at the time of contacjt of 
water and air ; this crust consists usually of 2 parts of lead carbonate and 1 
pari of hydrated oxide. The mud of several rivers, even the Thames, will 
corrode lead, probably from the organic matter it contains, but it does not 
necessarily follow that any lead has been dissolved in the water. Bits of 
mortar will also corrode le^d. 

2. The waters which act least on lead are those conteining carbonic acid,§ 
calcium carbonate, calcium phosphate (which has been found by Frankliind to 


* Medlock attributes the greatest influence to ammonium nitrite formed froni oi^anic niifttcr ; 
lead nitrite is rapidly formed, and carbonate is then produced ; the nitimis add being set free 
to act on another portion of lead. The ammoninm nitrite exists in most distilled water. 

t Pattison Muir attributes very powerful action to nitrates, but says that it is icodilied or 
even arrested by the presence of carbonates, sulphates, and chlorides. 

^ Pattison Aitiir found that a solution of sulphate or chloride of ammonium of 0'04 per 
cent., took np 2*2 grains per gallon after exposure to lead for 505 hours. , 

§ In a late paper, M. Langlois (Rec. de Mom. de Med. Mill, 186.5, p. 412) attributes a great 
action on lead to the carbonic acid, but states that the carbonate of hme entirely protects lead, 
especially, as I understand him, by rendering the carbonic acid inactive. 
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have a great protective power), and in a less degree, calcium sulphate; and, 
perhaps, in stiV less degree, magnesian salts, and the alkaline phosphates ; * * * § 
but it has been said that perfectly pure water, containing no gases, has no 
action on lead. The deposit which frequently coats the lead consists of 
carbonate, phosphate, and sulphate, of lead, calcium, and magnesium, if the 
water have contained these salts, and lead chloride, f 

3. From the observations of Graham, Hofmjinn, and MiUer, the protactive 
influence of carbonic acid gas appears to be very great ; a difficultly soluble 
lead carbonate is formed. However, a very great excess of free carbonic acid 
may dissolve this. This has perhaps led to the statement that carbonic acid 
counteracts the preservative eflects of the salts. I Water charged with carbonic 
acid under ])ressuro has a very marked solvent action on lead (Pattison Muir). 

Other substances may find their way into water, which may act on lead — 
as vegetable and fatty acids, arising from fruits, vegetables, &c., or sou^ milk 
or cider, &c. 

4. Th(3 lead itself is more easily acted upon if other metals, as iron, zinc, or 
tin, are in juxta-postition ; gtilvanic action is produced. Bending lead pipes 
against the grain, and thus exposing the structure of the metal, also increases 
the risk of solution ; zinc pipes, into the composition of which lead often 
enters, yield lead in large quantities to water, and this has been especially the 
case with the distilled water on board ships. 

AMOUNT OF DISSOLVED LEAD WHICH WILL PRODUCE SYMPTOMS OP POLSONING. 

Dr Angus Smith refers to cases of lead paralysis in which as little asyj^th 
of a grain per gallon was in the water. Adams also (“ Trans, of the Americin 
Medical Society,^’ 1852, p. 163) speaks of -j ^Tj^th of agniin causing poisoning. 
Graham sj)eaks of ^ ga’^on as being innocuous. Angus 

Smith says that grain per gallon may alfect some persons, while 

y^th of a grjxin per gallon may be required for others.§ But it is diflicult to 
jDTOve it may not at some time have been more than tliis. Calvert found that 
water which had been decidedly injurious in Manchester contained from ^^th 
to y\ths of a grain per gallon. 

In the celebrated case of the poisonings of Louis Philippe’s family 
at Clfiremont, the amount of lead was yy^ths of a ginin per gallon; this 
<|uantity affected 34 per cent of those who drank the water. 

The water of Edinburgh is said to contain only y ] ^^th of a grain per gallon, 
which is not hiirtfuL|| 

On the whole, it seems probable that any quantity over ^\th of a grain per 
gallon should be consider(.‘d dangerous, and that some persons may even bo 
aftected by loss quantities. IT 

PROTECTION OP LEAD PIPES. 

The chief means which have been proposed are : — 

(a) Lining with tin, Cidvert’s experiments** show that extra tinned and 

• Repoi-t of the Government Commission, 1851, p. 7. 

T Lauder Lintlsay, Action of Hanl Water on Lead, p. 7. 

X Tliere is some discrepancy of opinion as to tlie action of the chlorides. 

§ Wanklyn adopts ^th of a grain per gallon as justifying rejection of a water ^^th would 
probaldy he a safer limit. 

II Chemical News, September 28, 1881. 

^ See also Taylor’s Med.‘ Jnrisp., 386.5, p. 242 ; and opinions of Penny, ibid. p. 241. 

** Chemical NewtS, September 28, 1861 
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ordinary tinned load piping both gave up lead to the pure water now used at 
Manchester. it ji 

(I/) A much better plan is by having a good block-tin jupe inclosed in a 
lead pipe, as in Haines' patent. If the tin is good, it is little acted on, and 
the stren^h of the pipe is increased, while bends and* junctions can be nunio 
without destroying the continuity of the tin.* 

(c) Eusiblo metal, viz., lead, bismutli, and tin. This is certainly 
objectionable. 

(d) Bituminous coating (M ‘Dougall’s patent). This is said to bo effectual, 
but I am not aware of any exact exi)oriments. 

(e) Various gums, resins, gutta porcha, and india-rubber. These would 
probably be eiiicacious, but I am ignorant of any evidence to show how long 
they will adhere. 

(/■) Coating interior o^ with lead suli)hide by l)oiling the pipes in 
sodium suipiiido for fifteen minutes. The sodium sulphide may be made by 
boiling sulphur in liquor sodie. (Schwartz’s i)atent.) 

fy) Eosin and grease with white lead (!) has boon j)roposed, also rosin and 
arsenic. Both are most objectionable. 

(/i) Varnish of coal tar.f 

SUnSTITUTES FOR LEAD TIPES. 

Cast and wrought iron pipes can be used, and Mr Bawlinson informs me 
tliat he now orders no others. The iron can be glfized internally. J Coj)per 
tinned find block-tin are also employed, and both are excelleiit, but are nither 
expensive. In some cases the tin is eaten through, but this is not common. § 
Ziiic, which speedily gets covered with an insoluble oxide, can be used, if tlio 
water contfiins calcium carl)onatc, as this is sjiid to prevent the free carbonic 
acid from dissolving the oxide. «Gutta pcrcha and bituminised pa})er i)ii)cs 
have been jiroposed, but at present are not in much, if in any, use. Artihcial 
,stono has also been employed. 


SECTION IT. 

QUALITY OF DRINKING WATER, 
y' Sub-Section I. — Composiiton. 

The composition of water is of imi)ortance for several economic purposes ; 
for certain trades which require careful processes of wiishiiig and dyeing; for 
the supply of engines, &c. But these subjects arc too technical to bo dis- 
cussed here, and t have restricted this chapter to the quality of water as list'd 
for drinking purposes. The only domestic matter of importance connocttHl 
Aidth quality, apart from drinking and cooking, is the relative amount of soa]7 
used by hurtl and soft water in washing. But this is so obvious a matter that 
it only requm'.s to be alluded to. 

* Tlie composite pipes of this kind mode by Messrs Walker, Parker, & Co. are said to with- 
stand any amount of torsion. On the authority of Professor Reynolds (Manual of HeaNh ior 
Ireland) it is saicl, that lead alloyed with 3 per cent, of tin is not acted upon by water ; pipes of 
this kind appear to be used in Dublin and in Glasgow. 

+ Lauder Lindsay, Action of Hard Water on Lead, p. 21. 

J Iron pipes coated inside with Angus Smith’s bitunjinous varnish are a good deal used. 
In experiments made at Netley these were found to yield a distinct taste of tar to the w'ater 
for a considerable time ; after a time, however, this action ceased Probably BarfF s process ot 
producing a surface of magnetic oxide on iron will come into use. 

§ I have seen block tin pix)es eaten through by water at Woolston, apparently in consequence 
ol the presence of nitrates. [P. De. C,] 
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Owing to many of the domestic uses of water, such as the washing of 
utensils, tl^ su^jply for clgsets, &c., not requiring a very pure water, it has 
been proposed in some cases to supply water from two sources — one pure for 
drinking and cooking, the other impure. This requires, however, two sets of 
pipes, and involves tire eliancc of mistake between two waters ; and it is only 
likely to be of use under exceptional circumstances. 

Drinking water is supplied from shallow, dcej), and Artesian well sources : 
rain, rivers, wells, springs, <fec. 

Rain Water , — As it falls through the air, rain beconies highly aerated 
(average, 25 cubic centimetres per litre), the oxygen being in larger proportion 
than in atmospheric air (32 per cent., or a little more) ; carbonic acid consti- 
tutes 2.J or 3 per cent, of the gas. It carries down from the air cammoniacal 
salts (carbonate, nitrite, and nitrate), and nitrous and nitric acids in small 
amount. The total (|uantity of nitrogen in ainmoniacal salts, nitrous and 
nitric acid, is *000985 grammes per litre. In towns with coal-nres it takes 
up sul])liurous and sulpliuric acids, and sometimes sul})liiuvtted hydrogen. 
Tlie sulphates in rain increase, according to Dr Angus Smith,* iis wo pass 
inland, and before large towns are reached ; they fire, aceord^iiig to this autlior, 
“the measure of the sewage in air ” when the sulphur derived from the com- 
bustion of coni can 1)0 excluded, but in this country the exclusion could never 
be made. Free acids are not found with certainty, according to Smith, when 
combustion and manufactures are not the cause. The acidity taken as 
sulphuric anhydride was e(pial to *0097 grains per gallon of rain in a country 
place in Scotland, and 1*0589 grains in Glasgow; in Manch(‘st(ir in 1870 it 
was *8416, and in London, *2713 grains. The nitric acid in Glasgow was as 
much as *1705 grains per gallon, and in London only *06188. Albumii^oid 
ammonia was no less tlian *326 2 >arts in a million in London rain (A. Smith, 
op, eit p. 363). Bain also carries down pnany solid substances, as sodium 
chloride, in sea air; calcium carbonate, sulphate, and phosphate ; ferric oxide ; 
carbon. It iilmost always contains also a little nitrogenous organic matter, 
amounting in extreme cases to as much as *35 grains per gallon. The total 
amouq^of solids (mean of 5 analyses!) is 0*032 gramiaics per, litre, or 2*24 
grains j)er gallon. X 

Occfusionally miCroscojiic plants of the lowv,st order (^ds ProtococGus phivialis 
and oth(irs) am present. 

llain also oftem becomes very impure from taking uj) substances (lead, zinc, 
&c.) from the receiving surface on which it falls, and it also often carries 
down portions of leaves, &c., into the i)ij)C8 and reservoirs, which slowly 
dissolve in it. 

With regard to rain as a source of supply , — The uncertainty of the rainfall 
from year to year, the length of the dry stmson in many countries, and tlui 
large size of the rciservoirs which are then required, are disadvantages. On the 
other hand, its piuity and its groat aeration make it both healthy and pleasant. 
The greatest benefits have resulted in many cases (especially in some of the 

* Air and Rain, 1872, p. 245. , 

+ jQiioted by Moleschott, Pliys. dor Nalimngsmittcl, 2d edit. p. 203. 

J In rain-water collected at St Albans, in the middle of an arable field, two feet from the 
ground, Frankland fonnd as much as 8*58 parts in 100,000, or 6-000 grains per gallon ; 
mean of 63 sample, 3*86 parts per 100,000, or 2*701 gr. per gallon. From the roof of the Laud’s 
jiind Hotel (Cornwall) 42*8 per 100,000, of which one lialf was chlorides. 

In a saniple from supply tank in oflicei’s’ quartera at Portland I found 47*95 gr. i)er gallon of 
solids, of which about 10 were chlorides ; the organic constituents were also very large. In 
another^ sample, withered as coUected, 32*55 total solids and 14 clilorides ; and in one from a 
pipe leading to the cookhouse, 59*25 total solids and 15*2 chlorides. In a sample collected 
through fuimels direct into glass bottles, the solids wore 6*65 per gallon, of which 4*9 were 
volatile, chiefly ammonium chloride, &c. [F. de C.] 
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West Indian Islands) from the use of rain instead of spring or -water, 
which is often largely impregnated with earthy saU«. In all^lac^ wliero the 
spring or well water is thus bad, as in the neutral ground at Gibraltar, rain 
water should be substituted. So also it has been suggested that in outbreaks 
of cholera anywhere, the rain water is less likely to become contaminated 
with sewage matters than wells or springs, into which organic matters often 
find their way in an unaccountable manner. 

Ice and Snow Water . — In fr<?czing, water becomes much pimir, losing a 
large portion, sometimes the whole, of its saline contents. Even calcium 
carbonate and sulphate ai-e thus got rid of. The air is at the same time 
expelled. Ice water is thus tolerably pure, but heavy and non-aemtcd. 
Snow water contains the salts of rain water with the exception of ratlier less 
ammonia. The amounts ^f carbonic acid and air are very smaU. 

Theje has long b(jen an opinion tliat snow water is unwholesome, but this 
is based on no reliable observations. In Northern Europtj, however, the 
poorc'r classes have the habit of taking the snow lying about their dwtdlings, 
and*as this is often highly impme with substances throwii out from the house, 
this water may bg unwholesome. It has been conjectured that the sju’ead of 
cholera in the Kussian winter in 1832, was owing to the use of such snow 
water contaminated by excitations. 

Dew has occasionally been a source of supply to travellers in sterile regions 
in South Africa and Australia, or on board ship. 

Spring, Well, and Ewer Water . — The rain falling on tlie ground partly 
evaporates, partly runs oft’ and j)artly sinks in. The relative amounts vary 
vdth configuration and density of the ground, and with the ciitmmstances 
imjeuling or favouring evaporation, such as temperature, movememt of air, <^:c. 
In the magnesian limestone districts, about 20 ])(jr cent, penetrates ; in tlie new 
red sandstone (Triassic), 25 per c^k ; in the chalk, 42 ; in the loose tertiary 
• sand, 90 to 96. 

Penetrating into the ground, the water absorbs a largo prof)()rtion of 
carbonic acid from the air in the interstices of the soil, wliitdi is much richer 
(250 times) in CO.j Mian the air above. It then passes more or Jess deeply 
into the earth, and dissolves everything it meets Avith which can be taken up 
in the time, at the temj)erature,*and by th(i aid of caibonicj acid. In some 
sandy soils there is a d(jficiency of COg, and then the water is also wanting in 
this gas, and ;s not fresh and sparkling. 

The chemical changes and decompositions whi(jh occur in the soil by the 
action of carbonic add, and which arc j)robabJy iiiftiKmcod by diftiision, and 
})erhaps pressure, as well as by temperature, am extremely cuiious,* but can- 
not be entered upon here. The most common and simple are tlie solution of 
calcium carbonate, and the decomposition of calcium and sodium silicate by 
carbonic acid, or alkaline carboiiatcjs. Salts of ammonia also, Avhen they 
exist, appear from Dietrich’s observations to have a considerable dissolving 
effect on the silicates. 

Fed from a variety of sources, river water is even more complex in its con- 
stitutioii than spring water ; it is also more influenced by the season, and by 
cincumstances connected Avith season, such as the melting of snow or •ice, 
rains and floods, &c. The water taken on ojiposite sides of the same river 
has been found to differ slightly in composition. 

The general residt of solution and decomposition is that the water of springs 


* These are given in detail by G. Bischof, “ Cheniieal .and Pliysical Geology (Cavendish 
edit.), 1854, vol. i. ^ 2, et seq. ; and in “Watt’s JL)ictionary*of Chemistry ; Aiiicle, 
Chemistry of Geolog}^ by Dr Taiil. ^ , 
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and rivers often contains a great number of constituents — some in very small, 
others in great ^unount gome waters are so highly charged as to be tcrmoil 
mineral waters, and to be unfit for drinking, except as mediciines. The 
impurities of water are not so much influenced by the depth of th(i spring as 
by the strata it passes throiigli. The water of a surface sj)ring, or of the 
deepest Artesian well, may be pure or impure. The temperatim'. of the water 
also varies, and is chiefly regulated by the depth. The temperature of 
shallow springs alters with the season ; that of deeper springs is often that of 
the yearly moan. In very deep springs, or in some Artesian wells, the 
temperature of the water is higli. 

Ihe substances which arci contained in spring, river, and well waters are 
noted more fully under the head of “Examination of Water.” There may 
bo suspended matters, mineral, vegetable, or anynal; dissolved gases, viz., 
nitrogen, oxygen, carbonic acid, and in some cases suljdiuretted hydrogen, 
and carbnretted hydrogen ; and dissolved solid matters, consisting of lime, 
magnesia, soda, potessa, ammonia, iron, alumina, combined with chlorine, 
and siUphuric, carbonic, phosphoric, nitric, nitrons, and silicic adds. More 
infrequently, or in special cases, certain metals, as arsonig, manganese, lead, 
zinc, and copper may be present 

The mode of combination of these substances is yet uncertain ; it may bo 
that the acids and bases are equally distributed among (iach other, or some 
other modes of combination may be in play. The mode of combination is 
usually assumed to be as follows.* The chemist determiiu’s tlie amount of 
each separate substance, and then calculates the combination as follows. The 
chlorine is combined with sodium ; if there is an excess, it is combined with 
potassium or calcium; if there is an excess of soda, it is combiiuid with 
sulphuric acid, or if still in excess, with carbonic atdd. Liim^ is combined 
with excess of chlorine, or sulphuric acid,^r if there be no sulphuric acid, or 
an excess of lime, with carbonic acid. Magnesia is combined with carbonic* 
acitL So that the most usual combinations are sodium chloride, sodium sul- 
phate, sodium carbonate, calcium carbonate (held in solution by carbonic acid*), 
calciifhi sulphate, calcium chloride and silicate, and Riagnesiniii carbonate; 
but the results of the analysis may render other combinations necessary. 

Distilled Distillation is now vc^y largely used at sea, and afibnls 

an easy way of getting good water from sea or brackish water. Almost any 
form of apparatus will sufflee, if fuel can be procured, to obtaqi enough water 
to support life ; and if even the simphist appliances are not attaina])le, the 
mere suspension of clean woollen clothing over boiling water will enable a 
largo (quantity to be collected. At sea, salt water is sometimes mixed with it 
from the priming of the boilers, and occiasionally from decomposition of 
ma^r^sium chloride (j>robably), a little free hydrochloric acid passes off. 
This can, if necessary, be neutralised by sodium carbonate. 

As distilled water is nearly free from air, and is therefore unpalatable to 
some p<ir8ons, and is supposed indigestible, f it may he aerated by allowing it 
to run through a cask, the bottom of which is j)ierced with fine holes, so tis to 
expose the water to the air. Plans for aerating the water distilled xi*om sea 
waiter have been proposed by Normandy and others, and arc used in many 
steamers. Organic inatt(U’, at first oflensive to taste and smell in distilled 
water, can be got ri<l of by i)assing through a charcoal filter, or by keeping 
three or four days. 

Care should be taken that no lead finds its way into the distilled wat(jr. 

* FlFesenius, Quantitative Analysis, 3rd edit. p. 481. 

+ By some even dangerous (G^mrdin). 
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CHAKACTERS AND CLASSIfIcATION OF DRINKING WATERS. 

Many cases of lead poisoning have occurred on board ships, partly from the 
use of minium in the a 2 )paratus, and partly from the use of zi^ pij^cs contain- 
ing lead in their composition. 

Comimratim Value of Spring^ River^ and Well Water as Sources of Supply, 

Tliis depends on many circumstances. Spring water is both i)ure and 
impure in different cases ; and the mere fact of its being a spring is not, as 
sometimes imagined, a. test of goodness. Frequently, indeed, river water is 
purer than spring water, especially from the de 2 X)sit of calcium carbonate ; 
organic matter is, however, generally in greater quantity, as so much more 
vegetable matter and animal excreta find their way into it. The water of a 
river may have a very different constitution from that of the S 2 )rings near its 
banks. A good exaiiq^le is given by the Ouse, at York; the water of this 
river is dcrivcid chiefly from the millstone grit wliich feeds the Swale, the Ure, 
aiidthe Nid^ tributaries of the Ouse; the water contains only 9 grains 2 ier 
gallon of salts of calcium, magnesium, sodium, . and a little iron. The wells 
in the neighbourhood 2 >ass down into the soft rod sandstone (Yoredale seiies) 
which lies below^ the millstone grit ; the water contiiins as much as 64 ’96 
gi-aius, and even, in one case, 96 grains per gallon; in addition to the usual 
salts, there is much calcium chloride and calcium, sodium, and magnesium 
nitrates. Shallow well water is always to be vi(jwed with suspicion ; it is the 
natural point to which the drainage of a good deal of surrounding land tends, 
and heavy rains will often wash many substances into it.* The following fiible 
is given by the Eivers Pollution Commissioners (Sixth Re 2 )ort, p. 129): — 

JiYholesome 

Sus23icious 
• Dangerous 

SUB-SECTIOlf IL dHAIlACTERS AND CLASSIFICATION OF DrINKING WaTERS. 

The gcmeral characters of good»water are easily enumerated, l^erfect clear- 
ness ; freedom from odour or taste ; coolness ; good aej*atiou ; and a certain 
degree of softness, so that cooking oj)erations, and es 2 ^ecially of vegebibles, 
can be 2 Jro 2 )erly ])erformed, are obvious 2 >ro 2 )erti(?s. But when we attempt a 
more complete deserq^tion, and assign the amounts of the dissolved matters 
wliich it is desirable should not be exceeded, we find considerable difference 
of opinion, and also a real want of evidence on which to base a satisfactory 
judgment. At the Sanitary Congress held at Brussels in 1853, it was decided 
that the total solids ought not to exceed 0*5 grammes ])er litre ( = 35 grains 2>er 
gallon), and the same amount had been 2 iroviously laid down in the “ Aunuaire 
d()s Eaux de la France pour 1851 ” (p. 14) ; but this statement is really of little 
use, since this quantity of some salts would be hurtful, of others harmless. 

8 till/* an hygienic classification or enumeration of potable waters, based on 
siKjh facts tis are generally admitted, will be useful. I have divided all kinds 
of w'aters used for drinking into four classes : — 

1. Pure and wholesome water. 

2. Usable „ 

3. Suspicious „ 

4. Im2iure „ 

* Dr Cameron (Dublin Journal of Medical Science! cites a case wl7ere good and bad water 
were obtained from different levels in the same well. 


1 . 

2 . 

3. 

4. 

5. 

6 . 
7. 


* I very pjilatable. 


W 2 >rnig-water, . 

Deep weil-water, 

Upland surface water ) , , , i i. t i 

stored rain-wi^for, . } palataUa 

Surface water from cultivate<i land, . . ] 

Kiver water, to wJiich sewage gains access, > j)alatable. 
Shallow well water, . . , . j 
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And the following description will define these terms : — * 

Sygibnic classification op drinking waters. 


Character or 
Cotisiltuent. 


1. Pure and 
Wliok'sonio 
Water. 


2. Usable 
Water. 


8. Suspicious 
Water. 


4. Impure 
Water. 


Clearness, lus* 
tre, and ailra- 
tion, . . . 


Suspended mat- 
ter, .... 


Colour, . , 


Solids (dissolv- 
ed) : Total, . 

Solids, volatile 
(capable of 
being dissi- 
pated by red 
heat), ... 


Chlorine, . 


lYunsparent, Transparent, Turbid, 
spai'kling, and spai'kling, and 
well aerated. well aerated. 


Turbid and not 
easily purilicd 
by coai-se fil- 
tration. 


None detectable 
by the eye. 


Under 8 grs. per 
gal. (=114 
paitspcrinil.). 

Under 1 gr. per 
gal. (=14 parts 
per mil.). 

Solids on incine- 
ration should 
scarcely blac- 
ken. 

Under 1 gr. per 
gal. (=14 parts 
per mil.). 


Absent or easily 
separable by 
coarse filtra- 
tion or sub- 
sidence. 

Colourless or 
slightly green- 
iali. 

Palatable. 


Under 80 grs. 
per gal. (=428 
parts per mil.). 
Under 3 grs. per 
gal. (=43 parts 
per mil.). 

Solids may blac- 
ken a little, but 
no fumes should 
be given off. 

Under 3 grs, per 
gal. (=40 parts 
per mil.). 


Considerable. Large* 


Any marked 
tast& 

None. 

Above SO grs. 
per gal. (=428 
parts per mil.). 
3 to 6 gra. per 
gal. (=43 to 71 
parts per mil.). 
Much blacken- 
. ing on inci- 
! neration or 
I nitrous fumes 
given off. 
Above 3 grs. per 
gal (=43 parts 
perm%). 


Distinctly yel- 
low or any 
marked colour. 

Any marked 
taste. #■ 

Any marked 
odour. 

Above 60 grs. 
per gal. (=714 
parts per mil). 

Above 6 grs. per 
gal (=71 parts 
per mil). 

Much blacken- 
ing and nitrous 
fumes given 
off, or smell of 
burnt hoiTi. 

Above 6 gi*s. per 
gal. (=8G parts 
per mil). 


Nitrites, . . 
Nitrates, . 


Oxygen required 
for oxldisablc 
organic mat- 
ter, determined 
by permanga- 
nate in pre- 
sence of acid. 

Ammonia: free 
or saline, . . 

Ammonia: albu- 
minoid or or- 
ganic, , . . 

Hardness, fixed, 

Metallic con- 
tamination, . 

Hydrogen or 
alkaline sul- 
phides, . . . 

Microscopic cha- 
racteii^, . . 


Absent. Absent. Present. Marked. / 

Absent or very Present. Marked. Large, t \ 

faint trace. I 

Under 0’07 grs. Under 0*1 05 grs. ’Above 0*1 Oi grs. Above 014 grs. 
per gal. (=1 per gal (=1-5 per gal. (=1-5 per gal (=2-0 

part per mil.). parts per mil). parts per mil.), parts per mil.). 


Under 0 0014 grs. 
per gal.(=002 
parts per mil.). 

Under 0*0050 grs. 
per gal. (=0*08 
parts per mil). 

2° Clark's scale. 


Mineral mat- 
t-er: vegetable 
forms with 
endochrome; 
large animal 
forms; no or- 
ganic debris. 


Under 0 0035 grs. 
per gal (=0*05 
parts per mil). 

Under 0*0070 grs. 
per gal (=0*10 
parts per mil.). 

Under 4° Clark's 
scale. 

Ti ace of Iron, 


Above 0*0035 grs. 
per gal. (=0*05 
parts per mil.). 

Above 0*0070 grs. 
per gal (=0*10 
parts per mil). 
Above 4^ Clark’s 
scale. 

Trace of iron. 


Above 0*0070 grs. 
per gal (=0*10 
parts per mil.). 

Above 0*0105 grs. 
per gal (=0*15 
parts per mil). 

Above 6® Clark's 
scale. 

Any metal ex- 
cept iron. 
Present. 


Same as No. 1. Vegetable and Bacteria of any 
animal forms kind: Fungi; 
more or less numerous vege- 
! pale and co- table and ani- 

lourless ; orga- mal forms of 
nlc debris; low types; Epi- 
I fibres of cloth- thelia or other 

ing, or other animal striic- 
cvldence of tures; evidences 
house refuse, of sewage; ova 
of parasites, &c. 


'furbidity, due to veiy 
fine mineral matter, is 
sometimes associated 
with pure waters: thas, 
minutely divided cal- 
cium sulphate will not 
sub.side in distilled 
water. 


Where the Impurity is 
mostly vegetable, tlie 
colour may 4)e very 
marked in good, or at 
least usable water. 


In chalk waters of the 
1st class the solids may 
reach 14 grains per 
gallon (=200 parts per 
million), the greater 
part being calcium car- 
bonate. 

In peat waters the in- 
cinerated solids may 
blacken considerably. 

Water, slightly contami- 
nated with seu-w'ater, 
may have a higher 
amount of chlorine and 
still be usable. * 
These are generally indi- 
cations of previous ani- 
mal contamination, but 
they may occasionally 
come from vegetable 
matter. • 

The amount may bo 
greater in good peat 
waters. 


Frnnkland's standard for 
good water is; 2 to 8 
parts per million of or- 
ganic carbon ; 0*2 parts 
per million of oigaiiic 
nitrogen. He also 
gauges it by the “pre- 
vious sewage contam- 
ination, “ as measured 
by the nitrogen exist- 
ing as nitrates— about 
1 pa> t per million being 
the limit of inorganic 
nitrogen Tn“ reasonably 
safe “waters. , 

N.B.— Frankland’s num- 
bers «aro stated per 
100,000, instead of per 
million. (See “Rivers’ 
Pollution Commis- 
sioners’ Sixth Report,” 
page 13 and seq.). 


Ar.R.— -“ Parts per mil.” mean “ P^rts per million ” equal to “ milligrammes per litre.” 
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It must, of course, be imderstood that it is not necessary that all the above 
charactem should be present in one water to place it in a particular class ; nor 
would it be right to condemn a water for one character alone.* Thiis, although 
any marked deviation from the above conditions might be sufficient to remove a 
water from class 1, it would scarcely be fair to degrade a water further on 
account of its mineral characters only. On the other hand, a marked excess 
of albuminoid ammonia and of oxygen required for organic matter would be 
fair cause for condemning a water, even if its other characters were good. As 
it is imi)ossible to lay down rigid rules, something must be left to the discre- 
tion and judgment of the observer. 

The waters belonging to the first and second class may bo used ; those of 
the third, or suspicious class, should be well filtered before distribution, and, 
if possible, should bo again filtered in the liouse. A purer source should also 
bo obtained if possible, jftid sources of sewage contamination ascertained and 
prevented. • 

The waters of the fourth class should bo enthely disused, or only be used 
'when a better source is not procurable, and means of piuification (see page 
28) should then be systenuitically resoi*ted to. 

Sub-Section III — Okigin of tub Impuuities in Drinking Water. 

The origin of the impurities in water may bo conveniently referred to four 
heads, viz., 1. Substances derived from the source; 2. Substfinces added 
during the (low of the water in rivers, canals, aqueducts, or other conduits ; 
ii. Impurities caused by storage in reservoirs or tanks ; and, 4. Substances 
added during <listribution from reservoii's either in pipes or water barrels, or 
in^ouse cisterns. 

1. Im;piiritics of SotircG, 

The geological formation of a district necessarily influences the composition 
^>f the water running through it, though it is impossible to tell with absolute 
certainty what tlie ccgistitueuts of the water may lie. I ormatioiis vary greatly, 
and the broad features laid down by geologists do not always suffice for our 
purpose. In the middle of a sitndy district, yielding usually a soft water, a 
hard selenitic water may be found ; and instead of the pure calcium (!arbonate 
water, a chalk well may yield a water hard from calcium sulphate and iron. 
Still it may be useful to give a short summary of the best known facts. 

1. The Giumtic, Metamorphic, Trap Rocky and Clay Slate Watei^s , — 
(renerally the gianitic water is very pure, often not containing more than two 
to six grains per gallon of solids, viz., sodium carbonate and chloride, and a 
little lime ami magnesia. The organic matter is in very small amount. The 
clay-slate water is generally very pure, often not containing more than from 
three to foim grains per gallon. The water from hard traiwocks is piij*e, but 
if the trap be disintegrated the shallow wells sunk in it are of course liable to 
be fouled by surface washings or soakage. 

2. The Water from Millstone Grit and Hard Oolite. — Like the granitic 
'i^jiter this is very pure, often not containing more than four to eight grains 
per gallon of mineral matters, which consist of a little calcium and magnesium 
sulphate .and carbonate; a trace of iron. 

3. Soft Sand-Rock Waters, — ^These are of variable composition, but as a 
rule are impure, containing much sodium chloride, sodium carbonate, sodium 
sulphate, iron, and a little lime and magnesia, amounting altogether .to from 
thirty to eighty grains per gallon. The organic master may be in large 
amoiuit^ — four to eight grains per gallon, or even more. Sometimes these 
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waters are pure and soft, or wells or springs, within a short distance, may 
vary considerably in composition. 

4. The LJbae Sand and (travel Waters, — In this case there is also a gi*eat 

variety of composition. Sometimes the water is very pure, as in the case of 
the Farnhani waters, and in some of the waters from the greensand, where the 
total solids are not more than from four to eight grains per gaUon, and consist 
of a little calcium carbonate, sulphate, and silicate ; magnesium carbonate ; 
sodium and potassium chloride \ sodium and potassium sulphate j iron, and 
organic matter. The last is sometimes in some amount, viz., *8 to 1*8 gi’ains 
j)er gallon. In tolerably jmre gravels, not near towns, the water is often 
^'ory free from impurity. In the case of many sands, however, which are rich 
in salts, the water is impure, the solid contents amounting sometimes to fifty 
or seventy grains .per gallon, or more, and consisting of sodium chh)ride, 
soilium carl)()nate, sodium sulphate, with calcium* and magnesium salts.* 
Tliese w’^aters are often alkaline, and contain a g(Jod deal of oj-gafiic matter. 
The water from the sands in the “Landes” (Southern France) contains 
enough organic matter to give ague. • 

5. Waters from the Lias Clays vary in composition, but arc often impure ; 
even 217 grains per gallon of mineral matters have been found. .No less a 
quantity than 88 grains of calcium sulphate, and 41*8 of magnesium sidphate, 
exist('d in a water examined by Voelcker.f 

6. The Chalk Waters, — The pure, typical, calcium carbonate water from 
the chalk is very sparkling and clear, higlily charge.d with carbonic acid, anti 
contains from 7 to 20 grains per gidlon of calcium carbonate, a little magnesium 
carbonate and sodium chloride — small and immaterial (piantities of iron, 
silica, potassa, nitric, and phosphoric acids. Sulphuric acid in combination ^is 
sometimes present in variable amount ; organic matter is usually in small 
amount. This is a good, wholesome, and pleasant water. It is hard, but 
softens greatly by boiling. J 

7. The Lhmstorm and Magnesian Limestme Waters. — These are also clear, 
sparkling waters of agreeable taste. They (lifter from the chalk in conteining * 
usually more calciujii sulidiate (4 to 12 grains, or evim inor^) and less 
carbonate, and, in the case of the dolomitic districts, much magnesium 
sidi)hato and carbonate. Organic matter is ii»ually in small amount. They 
ait 3 not so wholesome as the chalk waters. They are liaitl, and soften less 
on boiling. 

8. The Selenitic Waters, — ^Water charged with calcium sulphate (6 to 20 
grains, or even more) may occur in a variety of cases, but it may sometimes 
come from selenitic rocks. It is an unwholesome water, and in many persons 
])rodiices dyspepsia and constipation, alternating with diarrhoea. It is hard, 
softens litthi on boiling, and is not good for cooking or washing. 

9. Clay IFate/v.— Very few springs exist in the stiff clay; the water, ls 
chiefiy sui'face, and falls soon into rivers ; it varies greatly in composition, 
and it often contains much susjjended matter, but few dissolved constituents, 
chiefly calcium and sodium salts. 

10. Alluvial Waters. — (Alluvium is usually a mixture of sand and «lay.) 

* In a shallow well (20 feet deep) in the gravel, near NetleyAbbey, the water yielded total 
solids 148*75, of which were chlorides 86*80, f^aijis j:)cr gallon ; after deepening it to feet, and 
passing through a stratum of stiff blue clay, it gave only 16*8 total solids, and 6*5 of chlorides, 
[f. de C.] 

In a well from Weedon Barracks, 109 feet deep, sunk in blue Lias, I found 91 grs. per 
gallon of solids, but very little organic matter. (F. de C. ) 

X Sometimes the water drawn from the upper part of the chalk is really derived from ter- 
tiary sand lying above tlio chalk. The water contains less calcium carbonate, and more 
sodium carbonate and chloride, and may be alkaline. 
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Generally impure, with calcium carbonate and sulphate, magnesium sulphate, 
sodium chloride and carbonate, iron, silica, and ^ofteii much org|inic matter. 
Occasionally the organic matter oxidises rapidly into nitStes, and if the 
amount of sodium chloride is large, it might be supposed that the water had 
been contaminated with sewage. The amount of solids per gallon varies from 
20 to 120 grains, or even more. 

11. Surface and Subsoil Watei \ — ^Very variable in composition, but often 
V(iry impure, and always to be regarded with suspicion. Heaths and moors, 
on primitive rocks, or hard millstone grit, may supply a pure water, wliich 
may, however, be sometimes slightly coloured Avith vegetable matter. 
Cultivated lands, with rich manured soils, give a water containing often both 
organic matter and salts in large quantity. Some soils contain potassium, 
sfxlium, and magnesium nitrates, and give up these salts in large ([uantity to 
water. This is the case m several parts of India, at Aden, ''and at Nassiok in 
the Dcccan*( Haines). In toAvns and among tlie habihitions of men, the sur- 
face water and the shallow weU w’^ater often contain largo quantities of calcium 
and sodium nitrites, nitrates, sulphates, phospliates, and chlorides. The 
nitmtes in this qpse probalily arise from ammonia, ammonium nitrih'. being 
first formed, which dissolves large quantities of lime. Organic matter exists 
often in large amount, and slowly oxidises, forming nitric acid and ammonia.* 
In some cases butyric acid, which often miitcs with lime, is also foniuMl. 

.12. Marsh Water . — This always contains a large amount of vegetable 
organic matter; it is not unusual to find from 12 to 40 gi*ains, and in some 
cases even more. Suspended organic matter is also common. Hie salts are 
variable. A little calcium and sodium, in combination with carbonic and 
su^fiuuic acids and chlorine ai’e the most usual. Of course, if the marsh is 
a salt one, the mineral constituents of sea-Avatcr are 2 >DJsent in varying jiro- 
jiortions. ^ 

13. Water from Grave-yards. — Ammonium and calcium nitrites and 
nitrates, and sometimes fatty acids, and mucli organic matter. Lefort found 

wtill of Avater at St Didier, more than 330 feet from a cenuitcuy, to be 
largely coiitiiuimiteck with ammoniacal salts and an organic matter Avliich wjis 
left on evaporation. The water was clear at first, but had a vapid taste, and 
s^ieodily became juitrid. • 

14. Artesian Well Water . — The composition varies greatly. In some cases 
the water is so highly charged with saline matter as to be undrinkable ; the 
water of the Artesian Avell at GreneUo contains enough sodium and jiGtassium 
carbonates to make it alkaline ; in some cjises the Avater cont.'iins iron in some 
amount; in other cases, especially Avhen draAvii from the lower 2)art of the 
chalk, or the greensand below it, it is tolerably pure. Its temj^erature is 
usually high in proi.)ortion to the depth of the Avell. The aeration of tlie 
Avater is often modeifite, sometimes nil. These last two points rather militate 
against the employment of water from very deep wells. 


* C. Solimidt (quoted by Roth and Lex) has given the following comparative analysis of the 


water oJ^Dornat : — 

The normal water 

Tlie water of the 


gives 

town -wells gives 


per litre. 

per litre. 

Total Salts, 

■44820 

1-16602 

NOfl , 

*00.559 

•19202 

Niig, . . 

*00046 

•00188 

NaO, 

•00508 

•07656 

KaO, 

•00536 

•073*26 

Cl, . 

•00642 

•11217 


•00061 

•00563 

In Dres<len the same results have been found. 
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15. Wafer from Wells near the Sea,* — This often contains so much saline 
matter as to taste quite br^kish, although the organic matter may not be 
very large. *In some samples from Shoeburyness (analysed at N^etley) the 
total solids ranged from 104 to 218 grains per gallon of total solids, the 
chlorides being from 22 to 65 : mean of six samples — 165 total solids, and 35 
of chlorides. In one sample, however, the albuminoid ammonia was only 
0-07 per million, and in live the oxygen required for organic matter was 
under 0*75 per million. 

16. Rain Water may bo contaminated by washing the air it falls through, 
but more by the surface on which it falls, such as decaying leaves or other 
matter on the roofs of houses ; it also takes lead from lead coatings and pipes, 
and zinc from zinc roofs. 

2. Impurities of Transit from Source Reservoirs. 

Open conduits are liable to be contaminated by surface washings carrying 
in fiiuily divided clay, sand, clialk, and animal matters from cultivated land ; 
and the leaves and bi-anches of trees add their contingent of vegetable matters. 
These impurities may occur in most cases, but in additicjp the refuse of 
houses, trades, and factories is often poured into rivers, and aU sorts of 
matters are thus added. 

These impurities arc broadly divided by the Rivers Pollution Commis- 
sioners into “ sewage ” and manufacturing ; ” under the former tenii all solid 
and liquid excreta, house and waste water, and in fact all impurities coming 
from dw(jllings are included; under the latter term ar(5 pLujcnl all manufactur- 
ing refuse, such as from dye and bleach works, tanneries, pa[>er-making, 
woollen, silk, and metal works, &c.t 

The very numerous animal and vegetable substances derivetl from habita- 
tions are usually classed under the vague, ^ut convenient term of ‘‘organic 
matter,” as the separation of the individual substances is impossible. The 
organic matter is usually nitrogenous, and Frankland has proposed to express 
its amount in terms of its nitrogen (organic nitrogen), but this view is not yet* 
generally received on account of the difficulty of estimating thg very small 
quantity of idtrogen. The nitrogenous organic matter undergoes gradual 
tran.sformation, and forms nitrous and nitric «cids and ammonia. The exact 
steps of this process are perhaps complicated. On keeping the water the 
nitrites disappear, and in some cases the nitrates also gradually diminish, per- 
haps from the action of bacteria. A. MiillerJ found the residue of a well 
water gave with soda hyilrate a herring-like odour, which seemed likcj trimethy- 
lamine. 

Many of the “ organic matters ” in water are not actually dissolved, but are 
so finely suspended that they pass through filtering paper. There is no doubt 
that among this “ suspended organic matter ” many small plants and animals 
are always included. It is probably owing to the variation in the quantity of 
suspended organic matter (living and dea(l) that water from the same source 
sometimes gives different results on analysis, even though the water be taken 
at the same time. During its flow in open conduits, however, a speeies of 
purificjation goes on, by means of subsidence, the action of water-plants, aijd 
to some moderate extent by oxidation. On the whole, these processes appear 
in India to render river water, in sjnte of all the contaminations it •receives, 

* For a good example of the infliienee of a tidal river on neighbouring wells, see my ‘‘ Ijectures 
on State Medicine/’ Table x. p. 91. [F. de C.] 

f For a full account of all these impurities, and the best mode of dealing with them, the 
six Reports of the Rivers Pollution Commissioners must be referred to. 

X Roth and Lex, MilitsLr-Gesundheitspfl. p. 16. 
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purer than tank and well water.* Tlie freedom from noxious substances is 
also apparently greater in India in the quick runii^ng stream|, wlpch may also 
depend upon plication taking place in them.t 

3. Impurities of Storage. 

The chance of substances getting into the water of wells, and tanks, J and 
even of cisterns in houses is very great. Surface washings and soakago con- 
taminate wells and tanks, and leakages from pipes, passage of foul air through 
pipes, or direct absorption of air by an uncovered surface of water introduce 
impurities into cistenis.§ It is singular in how many ways cisterns and tank 
waters get foul, and what care is necessary not only to place the cistern under 
safe conditions at first, but to examine* it from time to time to detect 
contamination of the vra^pr. In India, especially, the tank water is often con- 
tamii^ted Jiy clothes washed near, or actually in, the tank ; by the passage 
even of excrement directly into it, as well as by surface washings, so that in 
fact in some cases the village tank is one of the chief causes of the sickness 
of* the people. There is, perhaps, no point on wliich the attention of the 
sanitary officer should be more constantly fixed than that of the storage of 
water, either on the large or small scale. 

In shallow wells (4 to 30 feet deep) the soakage water from the ground in 
loose soils of chalk and sand is often very impure. Thus in a town the well 
water of bin shows evidence of nitrites and nitrates and ammonia, and 
of chlorine far in excess of river water in the neighbourhood, though tlie strata 
are the same.|| Occasionally, by constant passage of tlie water, a channed 
is formed, which may suddenly discharge into the well ; and some of the cascjs 
o4 sudden water poisoning have thus arisen. 

A well drains an extent of ground about it in the shape of an inverted cone. 
The area must depend on the soil ; in very loose soils a well of 60 to 80 feet 
may perhaps drain an area of 200 feet in diameter on the surface, but this 
must be considered as only a rude estimate. ProfeSvSor Ansted states that th(i 
deepest (non -Artesian) well will not drain a cone which is more than half a 
mile in radkis. * 

In some cases a well at lower level may receive the drainage of surroimdiug 
hills flowing down to it from Jrcat distances. Good coping stones, so as to 
protect from surface washings ; good masonry for several feet below the surface 
of wells in very loose soils, so as to prevent superficial soakage, are necessary 
in all shallow wells, 

4. Impurities of Distribution. 

If water is distributed by hand, ie., by water-carts, barrels, or skins, there 
is necessarily a great chance of its being folded. In India, where the water 
is generally carried by wabir-carriers (Bhisties), inspection of the carts or skins 

* Palmer shows this clehrly in a very interesting paper in the “Indian Medical Gazette for 
December 1870. 

t Much inflnencxi has been ascribed to oxidation, and doubtless in part correctly ; but Dr 
Frankland has shown its effect to be limited. The Irwell river, after passing Manchester, runs 
y miles to its junction with the Mersey without further material pollution, and falls ^over f> 
weirs ; yet the purification by oxidation is trifling. By syphoning water from one vessel to 
another so as to represent a run of 96 miles, the organic carbon was only reduced 6*4 per cent, 
and the oi^onic nitrogen 28*4 per cent. 

^ In two examples of (so called) rain-water collected in tanks in the marsh near Tilbury Fort 
for the use of the troops, the solids were found to be respectively 41 and 145 grains per gallon 
(Anny Medical Reports, voL xvii. p. 214). 

5 A good case of absorption ^ an open cistern of gases from water-closets and.nrinals is 
recorded by Druitt (“ Medical Times and Gazette," September, 1869). The Avater as supplied 
contained *08 parts per million of albuminoid ammonia ; after absoil)tion, *17 parts. 

j| Roth and Lex, Mil-Gesundsh. p. 43. 
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should be systematically made, and whenever it be possible, pipes should be 
substituted ijpr tl]^ rude meij:iod of hand conveyance. But even pipes may 
contaminate water ; metals (lead and iron) may be partly dissolved ; wood 
rots, and if the pipes are occasionally empty impure air may be drawn into 
them, and be afterwards absorbed by the water.* I have been informed that 
in towns supplied on the constant system, when the pipes are becoming empty 
the flow of water from a tap has drawn foul water or air through a pipe at 
some distance, and in this way even the water of the mains has been befouled. 

Coal gas passing into the ground from leaking of gas pipes sometimes finds 
its way into wells, or even into water pipes, though examples of this kind 
must be rare. In Berlin, in 1864, out of 940 public wells, 39 were 
(iontaminated by atlmixture with coal gas. A good instance is ndated by Mr 
Harvey, t whei*e the main pipes were often emi)ty jnd gas penetrated into 
them, llaving rtigard to the cases in which gases from the soil (from leaking 
gas pipes, sewers, &c.) find their way into water pipes, it would seem imi^ort- 
ant not to lay down water pipes near any other, or, what is better, have all 
pixies in sub-ways where they can be insj)ected. 

SECTION III. 

PURIFICATION OF WATER. 

Witho%it Filtration^ 

1. Exposure to Air in divided Currents, — This was a plan proposed by Lind, 
for the water of the African west coast, more than 100 yeai*s ago, and fre- 
({uently revived since. The water is sim])ly X)Oured through a sieve, or a tfli 
or wooden x>Iaio, X)ierced wth many small holes, so as to cause it to fall in 
finely divided streams, or a hand-pump is inserted in a cask of water, and the 
water is j)uinped u]j, and made to fall through j)erforated sheets of tin. It 
soon removes hydrosulx)huric acid, olfimsive organic vapouns, and, it is said, 
dissolved organic matter. The same plan has been used yi Russia on a large 
scale, the water being allowed to fall down a series of steps, passing tlirough 
wire gauze as it does so. In Paris, also, it hue been emj)loyed on the small 
scale. 

2. Boiling and Agitation, — Tliis plan gets rid of calcium carbonate, iron in 
X)art, and liydrosulx^huric acid, and lessens, it is said, organic nuitter. It is 
uiuiertain how far boiling will destroy the jioisons of the sx^ecific diseases. It 
will not destroy bacteria, or at least their germs still live, and I^ex found some 
bacteria still moving rapidly, at a temxjerature of 127° C. J Most fungus 
sx^ores are killed by boiling. 

3. Almninom Salts. — Alum has been used for centuries in India and China, 
to purify water from suspended matters. It does this very effectually, if there 
be calcium carbonate in the water ; calcium sulx)hate is found, and this and a 
bulky aluminium hydrate entangle the floating X)articles and sink to 
the bottom Mr Alfred Bird has prox)osed aluminium tersulphate, wldch is 
etxually efficacious ; it is an acid licxuid, containing about *4 grains of the sul- 


* Cas/js of this sort are given in the reports of the medical officer of the Privy CtAmcil No. 
ii. new series. See Dr Bloxall on fever at Sherborne, Dorset, and Dr Buchanan on the fever at 
Cains’ College, Cambridge. In the latter case foul trap-water was sucked in from the closets. 

+ Food, Water, and Air, February 1872, p. 68. 

. :J: It seems improbable that any genn or organism should resist the temperature of boiling 
water, if every part of it be thoroughly heated to that 2 >oiiit. The apparent resistance may 
perhaps bo due to some sphlhvidal condition the organism may be capable of assuming. Sander- 
son puts fhe death>X3oiut of common septic Bacteria at about, 110® C or 230® F. (F. do. C.) 
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phate in each minim ; and M. Bellamy* has also proposed a modification of 
the alum process, by adding additional potash Jo a solution of alum till the 
precipitate is redissolved. The quantity of crystallised aluin to be used should 
be about 6 grains per gallon ; of Mr Bird's fluid (sulphate of alumina), 20 
drops. 

From numerous experiments on i)urifications with crystallised alum, and 
with Mr Bird's patent liquid, I found the following effect to be produced, 
with and without calcium carbonate in the water 


Effect on Artificial Setoage Water of different composition, the Sewage 
Matter being partly dissolved partly suspended. 


1. Distilled water, containing volatile sewage 'j 
• matttir and 8 grains of calcium carbonate V 

per gallon,^ . . . . J 

8ara(i as above, after precipitating with 9 \ 
grains of crystallised alum per gallon . J 
Same, with 18 minims of Bird's patent 1 
liquid (aluminium sulphate), . . j 

2. Distilled water, with sewage, but with only 1 

2*1 grains calcium carbonate j)er gjillon, J 
Same as No. 2, with 18 minims of Bird’s ) 

patent fluid. . . . . j 

* Same as No. 2, with 54 minims of Bird’s 

patent Iluid, . * « • • 1 

3. Distilled water, without cfdcium carbonate, ) 

the sewage matter being almost entirely J- 
dissolved and not suspended, . . j 

Same, •with 6*8 grains of crystallised idiim, 

4. Same water as No. 3, but with 5 grains of ) 

ciilcium carbonate, . *• . . j 

Same, with 20 drops of Bird's liquitl. 

Same, with 6*8 grains of crystallised alum 


Crains of 
volatile matter 
per gallon. 

Grains of oxygen 
required to oxidise 
at 140 '* F., and in 
the presence of 
sulphuric acid, per 
gallon. 

8-8 

1-050 

3-85 

-350 

4-20 

-638 

27-44 


23-8 


21-0 


5- 

-805 

4-76 

-700 

5- 

-805 

4-02 

•595 

4-76 

•595 


It is clear from these and other expenments, not only that calcium 
carl)onatc ought to be in the water, but that the action of both alum and Jhrd's 
fluid is macle more upon the suspended organic matters thfin upon those 
actually dissolved ; and, indeed, having regard to the gi-eat dilliculty of insur- 
ing that water is actually free from minute suspended matters, it is even a 
question whether filuminous salts will act in any appreciable (h.^gree 
on dissolved organic matters. But on suspended matters, both organic and 
mineral, the effect is very great indeed. Common alum and Bird's liquid 
seemj^d to me practically equal ; but alum, being solid, is more convenient for 
transport, t 

If a sedimentous water is extremely soft, a little calcium chloride and sodium 
carbonate should be j)ut in before the alum is added. 

4. Addition of Lime Water (Clark's patent). — By combining with carbonic 


* Comptes RenthiH dol'Acad., Nov. 11, 1867, p. 799. 

+ The head-quaiter wing oftlie 92(1 Highlanderaj going up the Indus in 1868, suffered from 
diarrittea from the use of the water ; the left wing used aium and had no diarrhoea. The right 
wing then used it and the dia]T]ia3a disappeared . — Indian Medical Ook,, Aug, 1869, j). 158. 
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acid, it causes almost all the calcium carbonate previously and newly formed 
to be tbrowji do^vn. It akp throws down suspended and perhaps dissolved 
organic matters, and also, it is said, iron. It does not touch calcium and 
magnesium sulphate and chloride.* 

5. Sodium Carbonate, with boiling, throws do^vn lime, and i)ossibly a little 
lead, if present. 

6. Addition of PotcLssium or Sodium Pe/nnanganaie, (Condy’s red fluid). — 
I liave made some exi^eriments with pure Condy’s fluid to determine the value 
of the permangjiiiate. It certainly readily removes the smell of suljdiurotted 
hydrogen . and the peculiar offensive odour of impure water which has been 
kept in casks or tanks. If it forms a precipitate of manganic oxide, it also 
carries dowji suspended matters ; but tlie formation of this pmeipitate is very 
uncertain. The action on the dissolved organic matters will of course vary 
wnth the nature of the substance ; some of tlie organic matters, both animal 
and vegetable, will be oxidised ; f hut it will not in the cold act* even upon 
the whole of these substances, and some organic matters are not touched. 

Olio objection to the use of tlie permanganate is that it often communicatei? 
a yellow tint to the water, arising from suspended finely divided peroxide of 
manganese. This is 2 )robably of no moment iis far as health is concerned, 
but it is unpleasant Sometimes the addition of a little alum will cm-ry down 
this susjiended mater ; boiling may be used, but often has no effect. Sometimes 
nothing removes it but charcoal filtration. 

The indications for the use of permanganate are these. In the case of any 
foul-sin elliiig or sust^ected water, add good Condy’s fluid, teaspoiifuJ 
by tcasjiooiiful, to 3 or 4 gallons of the water, stirring constantly. When the 
least permanent jiink tint is perceptible, stop for five minutes ; if the tint^is 
gone, add 3G drops, and then, if necessary, 30 more, and then allow to stand 
for six hours ; then fidd for each gallon 6 grains of a solution of crystallised 
alum, and if the water is very soft, a little calcium chloride and sodium car- 
bonate, iiiid allow to stand for twelve or eighteen hours. If not clear, or if 
discolrmred, filter through charcoal. 

T'hore are many cases in which this jilan may be "useful > and as the 
jiermaiigaiiate certainly removes smells and oxidises in the cold to some extent, 
it is a very good introduction to the alum process, and does work which alum 
alone will not do. Hut it cannot be considered a comjileto purifier of water 
from all organic matters. Its oxidising power is, however, very useful in 
cleaning filters, as Avill be presently noted. 

7. Ferchlonde of Iron.- — It has been found that the water of the Maas in 
Holland, which is turbid from clay and finely susjiended organic matters, and 
gives rise in consequence to diarrheea, is com])letely purified hy perchloride of 
iron in the ju’oi)ortion of about 2^ grains of the solid perchloride to 1 gallon 
of water, f 

Uif€ of the Stryclinos j)otatorum . — ^In India the fruit of the Sh'yehnos 
j)otatorum is used, esi)ecially by the better class of Hindoos, to purify water. 
It is beaten into a paste, and rubbed on the inside of the water jar or cask. 
Dr Mouat informs me that it is chietiy used for the river water at the seasons 
when it is laden with silt, and that about 30 grains are used for 100 gallons 
of water, which act in twenty-four hours. Its action apjjoars to he on sus- 


* This plan has been recently tried with great success on a large scale, as, for instance, in the 
Colne valley water works. 

+ I haye not been able to satisfy myself that I could detect either nitric or nitrous acid after 
the ti'eatiiieut of dissolved sewage by alkaline premouganate. According to Schulze oxalic 
acid is formed. • 

4: Chemical iSTews, May 1869, p. 239. 
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pended matters, which it possibly carries down by giving to the water a deli- 
cate albuminous coagulum, so that it purifies wqjber on the same principle as 
beer is fined. Dr O'Shaughnessy thought its action was connechnl with its 
astringency. I have made some experiments on its action, but without any 
satisfactory result. I did not even find it cleared the water thoroughly from 
suspended matters, and it had no efiect on the amount of nitrous 
acid, ammonia, or of oxidisable organic matters, as far as these could be judged 
of by potassium permanganate. Keiiewed experiments are, however, necessary. 

8. Immersion of Iron Wire and Magnetic Oxide of Iron (Medlock).^ — This 
plan is said to decompose organic matter. Charcoal and ferric oxide are some- 
times mixed. 

9. Immersion or boiling of certain Vegetables^ especially those containing 
tannin, such as tea,t kino, the Laurier rose {Nerium Oleander^ which is also 
rubbed on the inside of fasks in Barbary), bitter almonds (in Egypt). 

10. "* * * § Immersion of small ]}ie<u;.8 of Charcoal, and charring the inside 

of This is an extremely efiectual plan, but the charcoal soon loses its 

po^ver, and requires to be renewecL Berthollet considered that the charring 
of the casks was more efiectual than the immersion; the charring can 
be renewed from time to time. Lowitz advises that a little sul])hurjc acid (10 
drops to 1 lb. of charcoal) shall be added. A mixture of some of these sul)- 
stances has been used, as lime and alum (1 part to 2), or carbon and alum (4 
parts to 1),X 

To put these facts in another fonn : — 

Organic matter is got rid of most readily by exposure to air, boiling, agita- 
tion, cliarcoal, alum, potassium permanganate, astringents. 

Carbonate of Lime, by boiling and addition of caustic lime. 

^Sodium chloride, by filtration through a great depth of charcoal or sand. 

Iron, by boiling and lime wate^ and in part by charcoal. Lead and copper 
are also removed or lessened by pure charcoal.§ 

Calcium and magnesium stdjhat^ and chloride cannot be got rid of, but are 
•jjcrhaps lessened a little by filtration through charcoal. 

It should, also b» remembered that some water plants have a jnirifying 
effect, apparently from the large quantity of oxygen they give out ; and this 
takes place sometimes though the water itself is gieen. 

With Filtration, 

Sand and Gravel, — On the large scale, water is received into settling reser- 
voirs, where the most bulky substances subside, and is then filtered through 
gi’avel and sand, cither by descent or ascent, or both.|| 

* Pereira, Pharmaceutical Journal, vol. ix, p. 478. 

+ In the north of China, and especially during winter, the water of the Peiho becomes very 
impure, andlcontaina not only suspended matters, but dissolved animal matter in large quantity 
which gives the water a disagreeable offensive smell. The Chinese never drink it except as tea 
which is cooled with, a lump of ice, if it is desired to drink it cold. In this way they secure 
themselves from all bad effects of this water (Friedel, Das Kliiiia Ost-Asiens, p. (JO), The 
Europyi^ns use alum and charcoal ; but these do not always entirely remove the ta^ste. The 
Tartars also use their “brick tea” to purify the water of the steppes, which would otherwise 
ht undrinkable. • 

X Suigeon- Major W. Harvey has tried with good effect the immersion of one or two bags of 
charcoal i% a stream, so tliat the water should pass through the hags. 

§ Clievalicr, Traitc des Ddsinfect., p. 147. In the Ashanti campaign, under the directions 
of Suigeon-Major V. Gouldsbury C.M.G., the water was purified in tlie following way, in the ab- 
sence of proper filters : — Alum was added to precipitate suspended matter— the water was pissed 
through a rough filter, consisting of (1.) sponge; (2.) sand; (3.) charcoal in piectw ; it was 
then \>oiled, and a few drops of solution of potassium permanganate added. Water, even 
taken from a hole in a marsh, was innocuous after this treatment. * 

II A good account of the engineering plans and fiu.ratian nf fhi* Tionrlnn Wnto.r rinmnanies 
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The London water companies usually employ a depth of 3 to 5 feet ; in the 
latter case, the upper stratum of 18 inches or 2 feet is composed of sand, tlui 
lower 3 fe^t are^made up of gravel, gradually increasing in coarseness, from 
pieces the size of a small pea and bean to that of a middle-sized potato. A 
stratum of oyster shells, about 1 1 inch in thickness, has been used by some 
companies instead of a layer of gravel, but this jdaii is not general. If the 
filter is 3 feet in thickness, the upper 15 inches are sand, and the lower 21 
inches are gravel. 

The pressure of water in these filters is not great ; the depth of the water is 
never above 2 feet, and some companies have only 1 foot; from 70 to 75 
gallons is the usual quantity which should pass through in 24 hours for eac.h 
square foot ; but some companies filter more quickly, viz., at the rate of a 
gallon per 24 hours for each scpiare inch, or 144 gallons per square foot. 

The sand should not be too fine ; the sharp angi?lar particles are the best. 
The action seems chiefly, jwirhaps altogether, mechanical; the suspended 
impurities, hoth mineral and organic, rub upon aud adhere to the anghjs and 
plane surfaces of the sand, which are gradually eiicrustcHl, and after a certain 
time the sand hfis to he cleaned. The effect on suspended matters, both 
organic and mineral, is certainly satisfactory. On dissolved* organic matter it 
is less so.* ]VIr Witt’s expiiriments show only a removal of about 5 per cent. 

I have made some exj)erinieiits on a sand filter of 1 square foot surface, and 
made in imitation of a London water company’s filter, viz., 15 inches of fine, 
well-washed white sand, and 20^ inches of gravel, gradually iiKjreasing in 
coarseness. The first m'ght gallons were thrown away, so as to avoid the fallacy 
of including the distilled water with which the sand had been washed 

This sand filter had the following effect, as shown by the table ; — 


It took away tliree-qnarters of the colour. 

It lessened the total solids by . . . , 7*063 grains. 

„ „ mineml solids by .... 4*703 ,, 

„ „ volatile solids by . . . ,2*36 „ 

„ „ total amount of oxygen rtupiired for 

,, oxidation by nearly balf, or 7 T546 „ 

„ „ hardness by . . . , 4°*61 

„ „ chlorine by . . . . 0*6 

„ „ free ammonia .... *0042 

„ „ albuminoid ammonia . . . ’0126 


These experiments also showcnl that the elfoct of the sand in {irrcsting lime 
salts w*as limited ; it stopped organic matter after it had ceased to arrest lime. 
After a longer time it became useles.s, and required washing. 

It is yet uncertain whether tlie action of san<i on organic matter is at all 
chemical, wdiether the organic; matter is oxidised in its transit; considering 
what an amount of air is contained in the interstices of sand, and how finely 
the water is divided in its transit, some amount of oxidation is probable, but 
good chemical evidence is yet want<;d. Mr Shield’s experiments, given in tlie 
note, seem to me opposed to the probability of much cheniical action. On 
dissolved mineral matters sand exerts at first, and wlien in thick layers, a ga:)d 


will be found in a work called “The Water Works of London,’' by Messrs Colburn & Shaw 
1867. 

* In a sand and gravel filter, 33 inches in thickness, Mr. Shield (Proc. Inst, of Civil En- 
gineers for 1867) ; gives the following numbers :--The original amount of organic matter being 
•8906 grains per gallon, the amount alter filtration was as follows— alter 23 hours action 
1*012 ; after 120 hours, *1648 ; alter 240 hours, *917 ; after 376 hours, *809. So that, while on 
the whole the sand removed some organic matter, the amount was really inconsiderable. 
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deal of action ; much sodium chloride can he removed ; and Professor Clark 
has stated that even lead can be got rid of by filtering through a tWck stratum. 
Very finely divided clay seems to pass through more readily than any other 
suspended matters.* 

The fine white sand is the best ; it should be chosen carefully, and well 
washed, and, if possible, heated to redness before use. 

Instofid of sand and gravel, trap rock has been used. 

Spomjc , — Sponge has a considerable effect in mechanically arresting 
suspended particles. I took two sj^onge^, weighing 255 and 155 grains, and 
pressed them into glass funnels ; 11 gallons of sedimentous water of known 
composition were passed through each sponge. The total sedimemt in the 1 1 
gallons weighed 273*7 grains ; the larger sponge removed 257 and the smaller 
252 grains. On dissolved matters sponge has little effect, as shown in the 
next tfj^de^ Three sponges, weighing 611, 409, and 365 grains, were taken, 
and an artificial sewage water was poure<l slowly through. 


A 


Grains per Gallon. 



Total 

Mineral 

Destructible 

Oxygen required 


Solids. 

Solids. 

Solids. . 

for uxidafiou. 

TJnfiltered, .... 

18-2 

4*2 

14 

2-80 

Filtered through largest sponge, 

17-5 

5-6 

11-9 

2-66 

Filtered through middle-sized | 

18-2 

4-2 

14 

2-75 

sponge, . . . J 





Filtered through smallest sponge, 

17-5 

5-6 

11-9 

2-80 


Animal Chair.oaL — Pure animal charcoal (deprived of calcium pliosphato and 
carbcuiate by washing or by hydro^doric acid) is now considered one of the best 
filtering materijils. Tlie particles of charcoal should be well pressed togi^ther, 
and the ])assngo of the water should not be too cpiick. Contact witli the water 
%r about four niiiuites a])pears about the best tiiiic.t There', is a gcjieral 
agreement tli^it tluiro^is a large removal of suspended matters, both minerid and 
organic ; watc'/r (jveii deeply tinged comes tlirougli a good charcjoal filter very 
elear and Inight. So also ther0 seems no doubt that some dissolved organic 
and mineral matters are also removed by charcoal in the first instance. All 
evidenc(i agrees in respect of that point. But a serious difference of opiidon 
exists as to th('. mode and pertnanciicc of action of animal charcoal. 

* A peculiar dilllculty, never experienced in England, has been discovered in the filteriiig, 
through sand, of the Hooghly water at Calcutta ; during the rainy season the fine mud brought 
down penetrates very deejily into the filters, and ra];)idly cliokes them ; in the dry season this 
does not liappeu ; the suspended mattei*s are airested, as in England, near the upper siiifaco 
of the san<l. Mr D. Waldie (Joiimal of the Asiatic Society of Bengal for part. 11, p. 210.) 
explains .this l>y showing that in the rainy season the water contains much less saline matter 
than in the dry .season; it is this saline matter which .seems to act on and so cause cohei*ence 
of the particles of mini, so tliat they become larger and coarser, and are more easily ari cstcd. 
In order to remedy this/ Mr. Waldie proposes the addition of substances to the water during 
the rains, whicli may cause this coalescence ; he has tried a gi-oat number of ex}>orinicnts 
and different substances, on the whole crystallised aldm and peichloride of iron are the best ; 
5^'4 lb of crystallised alum, or 19-15 lb of |ierchIon<le of iron, were found to be necessary for 
the clarification of one million gallons of muddy Hooghly water iluring the rainy season. 

+ On this jioint tliere is some difference of opinion, as will be seen on reference to tlio 
deh-ates on Titr Byrne’s paper in the Proceedings of the Tiistitution of Civil Engineei-s for 18()7. 
Dr Letheby advocates a slow filtratioii, while T)r Fi-ankland considers that a rapid flow is 
sufficient ; on pa.ssing 41, '090 gallons in one day through coarse charcoal, 3 feet in thickness, 
he found half the organic matter removed. With a head of 22^ feet of water, he has passed, 
in 24 hours, as much as 90,734 gallons per square foot through 34 iuche.s of cliarcoab; .but in 
this case the purifying effect is not stated. Dr Frankland has therefore recommended that 
the water supply of a town shall be filtered through animal charcoal. Tlie cost, however, 
would be large, though there is no doubt the water can be got through at a sufiicient r;y,e. 
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Thus, Mr Bymo*has shown that with a filter of charcoal weighing 4| lbs., 
through which ^2 gallons of water (containing 10 ’8 grains of organic matter 
per gallon) were passed in 24 hours, the purifying effect was equal to a removal 
of 55^ per cent, of the organic matters from the first gallon, but this gradually 
declined until at the fourth gallon only 1 *33 per cent, was removed, and at 
the eighth gallon the action was reversed, and organic matter was given back 
to the water. Exception has been taken in two ways to this experiment — 
first, as regards the chemical proof of the organic matter, and secondly, as to 
the inference drawn from the experiment. As regards the first point, 
it appears to medillicult to set aside Mr Byrne^s facts, and I think they must 
be accepted ; as regards the second point, instead of the animal charcoal exert- 
ing no action, it might have been simply called on to do more than could bo 
expected; for the purifying effect of no substance, is inexhaustible. f This 
supposition does not appear probable, however, as only 43 giains of organic 
matter had gone through 4|- lbs. of charcoal before the purifying power of the 
charcoal was virtually exhausted. The inference from Mr Byrne’s experi- 
ments is supported by a statement by Mr Chapman, J who recovered from 
charcoal the amount of organic matter which had been previc iisly removed by 
it from a water. This would almost seem to settle the point, were it not that 
there is strong and .apparently iiidis})uia])le evidence on tlie other siflo. In 
the debate on Mr Byrne’s paper, both J)r Letheby and Dr Erankland brought 
forward facts to shoAv that animal charcoal not merely arrests but cliomically 
changes organic matter, and that this power is retained for a long time. Thus 
Dr Letheby obtained some charcoal whudi had heem in use for two yearn, .and 
through which it was calculated 292,000 gallons had passed. The charcoal 
still deprived water of colour and of organic matter, as judged of by perm/in- 
ganato and distillation with potash for ammonia. The charcoal being then 
analysed, gave the following restdts : — 


4 ounces from top of filter gave *321 grains of ammonia. 
mi(Mle „ *102 „ „ 

bottom „ *240 


5J 


The organic matter had not then accumulated ; what ha«l become o*f it ? Water 
with organic matter ha\dng passed through ibis old charcoal, nitritt?s ap])eared 
in the filtrate. It had therefore been oxidised. 

Dr Erankland’s cxj)Briments were made on water (jontaining small (quantities 
of orgaiiic matter, but showed permanence of action after 5000 gallons had 
gone thrcnigh. 

Taking these exporiinents in coimcc,tioii with the older experimtmts of 
Witt, which showed a removal of 88 per cent, of oiganic matter, and witli 
those of Gaultier de Claubry, and vrith the numerous experim( 3 nts on (‘harcoal 
filters, the reading of the facts seems to betliat charcoal must liavt*. a chemical 


* Proceedings of tlie Institution of Civil Engineers for 1S67. 

T From experiments at Netloy, conducted by Mr Sylvester, Apothecary to the Forces, it was 
found easy to foul charcoal by ])assing through it a strong solution of organic matter ; but the 
ower was easily restored by cleansing the iiltcr with a little potassium i)crmaiigaTia<+e. The 
cessation of power must dejMind upon the relative auiount of the organic matter and cliarcoal, 
but the quantitative relations were not settled, 

X Made in the debate on Mr Byrne’s paper. See Proceedings of the Institution of Civil 
Engineers for 1867. Mr Shield’s experiments on charcoal, the size of waln\its,; recorded in 
the same debate, give the following result 

Ojlginal water. After G7 hours. After 91 hours. After 115 hours. After 339 hours. 

-475 -478 -620 -971 

} ..I 66-780 68-000 66-670 32-100 

Charcoal in granules did not act quite so well. 
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as well as a mechanical effect, hut that the limits of purification are sooner 
reached than was supposed, if the organic matter 4)6 large, s(Ptha1ra more fre- 
quent cleansing is required. When, however, the amount of organic matter is 
small (under 1 or 2 grains per gallon), the action is very permanent. Dr 
Frankland has suggested that there may he two kinds of organic matter in 
water, one of which is not acted on by charcoal.* 

VeffetahU and Peat Charcoal — The effect of both these is decidedly inferior 
to animal charcoal + (Fninkland and Byrne). 

Sea-weed Charcoal is said to be efficacious. 

Iron and Charcoal — ^Animal charcoal mixed with spongy iron obtained 
from the refuse of copper pyrites is a very good purifier ; also s])ongy iron in 
combiuatioh with coarse sand and pyrolusite. 

Domestic Filters. — ^Ons a small scale, a number of substances have been 
used, swjsh^ animal and vegetable charcoal made into blocks, or fine silica 
impregnated with charcoal (silicated carbon filters), haematite ami magnetic 
iron ores, the so-called magnetic carbide, spongy iron, manganic oxide, llaiinel, 
wool, sponges, porous sandstones (natural and artificial), &c. 

The Souchon • filters, which are much employed in Paris, are made 
of diaphragms of wool, which is partially tanned by boiling in solution of 
alum and cream of taitar, then dyeing in infusion of gall-nuts, and washing in 
solution of sodium carbonate. "Che filter of M. Ponviellc, also used in J^aris, 
is composed of nine layers of sponges, pounded sandstone, and gravel. 

The best filters now in the market are made either of animal charcoal, of 
the so-called magnetic carbide of iron, or of spongy iron. I have examined a 
number of filters of this kind, but, for obvious reasons, I do not wisli to give 
eitiier the names of the makers or the tabular results. 1 found, however, that 
in most cases the action was very satisfactory. Suspended matters were 
almost entirely removed, and a 4jonsiderable amount of dissoh^ed organic 
• matters was also taken out, and the action seemed to continue if no excessive 
ynpurity was used. Individuiil filters, even from the same maker, dilli^r in 
their action ; but on an average there is no charcml or magnetic carbide filter 
now in the English nvarket wliich cannot be relied on to remove 40 per cent, 
of dissolved organic matter, and ^n some cases it is much more tlie amount 
of nitrites, {iinmonia, and of hardness (chiefly carbonate of limi)) is also 
lessened, and chloride of sodium is arrested by several filters to some extent. 
On the whole, a very useful purifying effect is produced even on dissolved 
matters, and it is hardly conceivable that, in the best charcoal, carbide, or 
s})ongy iron domestic filters, any ova or even smaller living substance could 
pass thro ugh. § 

Cleaimiuj of Filters. — But there is a limit to all purifying powers, and the 
action of all filters is therefore temporary. || After a time, whicli depends on 

* The condition of tlie organic matter is also important, for it has been shown that fresh 
alVjumen passes through unchanged, whilst about 95 per cent, is arrested when it has begun to 
decompose. (See note by Dr J. L. Notter, Sanitary liecord, Oct. 1876, p. 288.) 

+ Frankland, indeed, seems to consider wood charcoal useless. (Proceeding of Inst. Civil 
Engineer, 1867.) Debate on Mr Byrne’s paper. 

1 1 examined six filters from one maker, and found the average removal of organic sewage 
matter to he 74*5 per cent. ; the greatest being 96, and the least 56*2 per cent. The atftion 
was also fairly permanent, though cleansing was sometimes necessary, 

§ It is right, however, to call attention to the remarks in the sixth Report of the Rivers 
Pollution Commissioners, wherc they say that, “the property, which animal charcoal 
possesses in a high degree, of favouring the growth of the low forms of oi’ganised life, is a 
serious drawback to its use as a filtering medium for potable waters.*^ — I have seen some con- 
firmation of this in experiments made at Netley, and it shows the necessity of renewal of the 
filtering materials at short intervals. (F. de. C.) 

II At the Hygienic Congress at Brussels (August 1876), I found that some of the Continental 
chemists were so impressed with the dangers arising from impure filters, that they were 
inclined to doubt the advisability of filtration at all. — (|f. DE. C.) ^ • 
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the amount of impurity of the water, they become clogged ; the substances 
which block thecn are organic matters (probably suspended) and lime salts. 
Sodium chloride, after being arrested for some tune, may be given off again, 
and thus seldom long remains in a filter. Instead of taking the filter to pieces 
when they are clogged, the following plan may bo resorted to : — ^Every two 
or three months (according to the kind of wat(U') aii* should be blown through, 
and if tlie charcoal be in the block form it should be brushed. 1'hen 4 to 6 
ounces of the pharmacopoeial solution of potassium i)ermanganate, or 20 to 30 
grains of the solid permanganate in a quart of distilled wah'r, and 10 drops 
of strong sulphuric acid, should be poured tlirough, and, subs(jquently, 
a quarter to half an ounce of pure hydrochloric acid in 2 to 4 gallons of 
distilled water. This both aids the action of the permanganate,* and assists 
in dissolving manganic oxide and calcium carbonate.r ThreiJ gallons of distilled 
or good rain water should then be poured through, and the filter ij^, fit ?gain for 
use. This plan would be useful (in foreign stations, where th() filter (jaimot be 
sent home or taken to pi (ices ; if it can be taken to pieces, the chai*coal should 
be spread out in a thin layer, and exposed for some time to air and sun, or 
heated in an oven. If sponges are at all used, they should* be removed from 
time to time, and thoroughly washed in hot watcir. If the filtering material 
is composed of a solid jfiate or ball, the surface should be brushed or scrapiid. 

If the charcoal can be taken out it shoidd be washed, then boiled Avith a 
little Condy’s fluid, then spread out in the sun or in an oven and dried. If 
means exist it can be redjuriit. All kinds of charcoal, and, of course, most 
domestic filtera, give olf at first some substances to water ; a ceifiain amount of 
preliminary washing out with pure water is desirable.* Among other sub- 
stances, calcium i)hosphate is taken up from animal charcoal, and even wi^h a 
minute (piantity the water Avill not acjt on lead (Frankland). 

Small filters, as now sold in the maiket, may be divided into several 
kinds : — 

1. Syphon cistern filters, Avhich are ]daced in the water to be purified, an/l 
through which the Avater rises. The filter is often put in the cist(u-ii, and, of 
course, the delivery-j)ipe ahvays contains freshly liltererr AA^ater. • A very good 
one of this kind made of animal charcoal has been lat(dy proposeMi l)y l3r F. 
N. Macnamara, of Calcutta, and is likely to be of great service in India. It 
is now in use in the Bengal Ihesidcncy, 

2. Pipe filters, in Avliich the filter is placed in the course of tlie delivery 
pipe ; the c;ffect is the same as with the sy]>hon, but the flow may be quicker, 
as a greater pressure cati be obtained. Both of these plans are very usefuL 

3. Common domestic filters^^ of various kinds, filled by hand. 

4. Pock(*t filters, usually of the syphon kind, or made of a hoUoAV block of 
charcoal, with a tube passing bito the interior cavity, the water j)ass('.s from 
without into the cavity. 

5. Ship filtei's. — Major Crease, ItM.A., has arranged a very useful tank 
filter for sliips it is an iron box, cemented inside by a process patented by 
Major Crease, and divided into two parts by a i)artition; (mono side are 10 to 
12 inches of sand, on the other is a corresponding amount of animjil charcoal, 
or charcoal is placed on both sides ; a jdate and screw lies on both sand^nd 
chartioal, so that they can b(j compressed to any desired extent ; anjl the Avater 


*T have found that an interchange sometinies takes place in a filter. T passed some 
calcium sulphate and nitrate water through a new charcoal filter ; the sulphuric acid was 
entirely removed, and the pitric acid partly so ; tlujir place Avas taken by phosphoric acid. 
It has occurred to me whether a selenitic water might not bo made more wholesome by thus 
substituting phosphoric acid, by leaving the calciiuu phospliate in the charcoal, or supplying 
it frjjm time to time. 
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enters on one side, passes down throngli the sand, and ascends through the 
charcoal. I have examined this filter carefully ^i^^d find its powey to he very 
great. It removes oily matter, which is so often found in condensed water, 
and both the sand and charcoal are easily taken out and cleaned. He has 
also iiitr(Klu( 5 ed smaller filters for barrack use, which are extremely good, and 
are excellent for ambulance and field use (see figs. 9 and 10). Of the ttink filters 
used in the Ashanti war, Dep.-Surg. -General Sir A. D. Home, V.C., 

njporta : For effectiveness in perfectly filtering water in large quantities, and 
for the ease with which the filtering substance could be cleansed, those tanks 
left nothing to bo desired.” ( Army Medical lieports, vol. xv. p. 247.) 

SECTION IV. 

ETF90TS OF AN INSUFFICIENT OR IMPURE SUPPLY OF 

WATER. 

Sub-Section I. — Insufficient Supply. 

The consequences either of a short supply of water for domestic purposes, 
or of difficulty in removing watcir which has been uscid, are very similar. On 
this point iniicli valuable information was collected by the Health of Towns 
Commission in their invaluable Reports.* It was then shown that want of 
Avater leads to impurities of all kinds ; the person and clothes are not washed, 
or are wjisluid r(5i)(iatedly in the same water ; cooking water is used scantily, 
or more than once ; habitations become dirty, streets are not cleaned, sewers 
become clogged > and in these various ways a want of water j)roduces luicleaii- 
liness of the very air itself. 

The result of such a state of ^.hings is a general lowered state of health 
among the papulation ; it has been thought also that some skin diseases — 
scabies, and the cj)iphytic affections especially — and opthalmia in some cases, 
hre thus propagated. It Inis also ai)peared to me that the remarkablii cessation 
of spothnl t}^hus among the civilised and chjanly nations is in part owing, 
not merely to better ventilation, but to more frequent and thorough washing 
of clothes. • 

The deficiency of water leading to insufficient cleansing of sciwers has a 
great eftect on the spread of typhoid and of choleraic diarrhtea ; and crises have 
been known in which outbreaks of the latter disease have been arrested by a 
heavy fall of rain. 

Little is known with certainty of the effects produced on men by deficiency 
in the supply of water. Under ordinary circumstaniies, the sensation of 
thirst, the most delicate and imiierative of aU our feelings, never piirmits any 
great deficiency for a long time, and the water-removing organs eliminate with 
wonderful rapidity any excess that may be taken, so as to keep the amount 
in the body within certain limits. But when circumstances prevent the sup- 
ply of water, it is well knowm that the wish to drink becomes so great, that 
men will run any danger, or undergo any pain, bi order to satisfy it. The 
exact bodily condition thus produced is not precisely known, but from experi- 
ments on animals and men, it would appear that a lessoned amount of water 
in the body diminishest the elimination of the pulmonary caihonic acid, the 
intestinal excreta, and all the important urinary excreta. 

First and second Reports (with evidence) of the Health of Towns Commission, ^1844 an*l 

+ The experiments of Falck and Scheffer on animals, and of Moslev on men and women, are 
here referred to. 
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The more obvious effects produced on men who are deprived for some time 
of water is, besides the feeing of the most painful thirst, a gi‘eat lowering of 
muscular strength and mental vigour. After a time exertion becomes almost 
impossible, and it is wonderful to see what an extraordinary change is pro- 
duced in an amazingly short time if water can be then procured. The supply 
of water becomes, then, a matter of the most urgent necessity when men are 
undergoing great muscular efforts, and it is very important that the supjdy 
should be by small quantities of water being frequently taken, and not by a 
large amount at any one time. The restriction of water by trainers is based 
on a misapprehension : a little water, and often, should be the rule. (See 
Exercise.) 

Sub-Section II. — Impure Supply. 

At present, owing probably to the difficulty of nfaking analyses of waters, 
the exact connection between impure water and disease does notrtatfd on so 
precise an exjHsriinontal bfisis as might be wished. . There are some persons 
who have denied that even considerable organic or minei’al inqairity can be 
proved to produce any bad effect; while others have believed that some* 
mineral ingredients, such as calcium carbonate, are useful. * 

It may be true that water containing a large quantity of organic matter, or 
mucli calcium and magncisium sulphate, has been used for long periods without 
any ill effects. The water of the Canal de TOurcq, which contains much 
calcium bujarbonate, and some calcium and magnesium sulphate, was found 
by Parent- Duch^telet to produce no bad (jffect, and Boudet has lately asserted 
the samci thing.* 

In some of these cases, however, very little careful inquiry has been made 
into the state of liealth of tliose using the water, and that most fallacious* of 
all evidence, a general impression, without a careful collection of facts, has 
often been the only ground on which the opinion has been come to. As w^ell 
observed by Mr Simon, in one of his philosophical lle2)orts,t we cannot ex- 
2 )ect to find the effect of imj)ure water always sudden and violent ; its results* 
are indeed often gradual, and may elude ordinary observation, yet be not the 
less real and appreciable by a close inquiry. In fact, it ivS only when striking 
and violent effects are produced that public attention is arrested ; the minor 
and more insidious, but not less certain, evils Jire borne with tlie indilference 
and apathy of custom. In some cases it is by no means improbable that the 
use of the impure water, which is sujiposed to be innocuous, hjis been really 
restricted, or that experience has shown the necessity of j)urification in some 
way. This much seems to be certain, that as precise investigations proceed, 
and, indeed, in proportion to the care of the inquiry and the accuracy of the 
examination, a continually increasing class of cases is found to be connected 
with the use of impure water, and it seems only reasonable to infer that a still 
more rigid inquiry will further prove the frequency and importance of this 
mode of origin of some diseases. 

Animal organic matter, especially when of fieoal origin ; vegetable organic 
matter, when derived from marshes ; and some salts, are tlie i^rincipal i\pxious 
ingredients. 

O? the hurtful su])8tance^, the suspended animal, and especially faecal 
matters, are probably the worst. At least, it is remarkable how frequently, 
both in outlueaks of diarrha?a and typhoid fever, the reports notice turbidity, 

discoloration, and smell of the water. It is this fact which makes the examina 

.. _ 

* The Canal de UOurcq (which has a boat population of about 40,000) is now abandoned as a 
source of drinking water, •and the greater imit of Paris is supplied from the river Vanne. 
t Second Annual Report to the City of London, p. 121. 



EFFECTS OF IMPURE WATER, 


39 


tion of colour and turbidity so important The thoroughly dissolve4 organic 
matters appear loss hurtful ; at least there is some evidence that perfectly clear 
waters, though containing much matter dissipated by heat,® and consisting of 
dissolved organic matter or its derivatives, are often taken without injury. 
Probably, also, the more recent the faecal contamination, the more injurious, 
siu(je the most poisonous attacks on record have been in cases of wells into 
which, after slow percolation for some time, a sudden gush of sewage water 
has taken place. 

It has been frequently stated that the readily oxidisable organic matters in 
water are the most dangerous. This opinion has probably arisen from tlie 
idea that a substance in rapid chemical chaiige is more likely to excite some 
corresponding and hurtful action in the body; and it may be true, but 
there is no evidence, to my knowledge, which can be trusted on the point. 
There is, on the other hS-nd, some evidence that animal matters forming fatty 
acids givF rise to salts which, though not oxidising into nitrous ahd nitric 
acid, are as hurtful as the more oxidisable substances. 

•Of late years, too, an opinion has been expressed that the amoimt of the 
mineral substances is of little consequence. This can be true only in a limited 
sense; there are some mineral substances, such as sodium cliloride,* or 
carbonate, or calcium carbonate, which, witliin ceiiiain limits, appear to do no 
hann. But in the case of other minerals, such as calcium and magnesium 
sulphates and chlorides, and calcium nitrate, there can be little doubt that 
their use is injurious to many persons. It seems also probable that a com- 
bination of inqiurities, and especially the co-existence of organic matter and 
calcium sulphate, is hurtful ; at least the analysis of waters which have decidedly 
produced injury often shows that the impurities have beim numerous. 

® As far as at present known, the existence of infusoria of different kinds is 
not hurtful, though they may ijjidicate by their abundance the presemio of 
organic impurity. The effect of micruzymes, algie, or fungi, in drinking water 
is also a matter of which little or nothing is known, though it is very prol^able 
• that future research may bring out something important in this direction. 

The luost^practicjil way of stating the facte connected with the })roduction 
of disease by water will be to enumerate the diseases which have been traced 
to the use of impure water, and to state the nature of the inqmrities. 

1 . AFFECTIONS OF THE ALIMENTAUY MUCOUS MEMBRANE. 

It is reasonable to suppose that the impurities of water would be likely to 
produce their greatest effect upon the membrane with which tliey come first 
in contact. This is in fact found to be the case. 

Affections of the Stomach — Dyspepsia. 

Synq^toms which may be referred to the convenient term dysi)cpsia, and 
which consist in some loss of appetite, vague uneasiness or actual pain at the 
epigiistrium, and slight nausea and constii^ation, with occasional diarrha^a, 
aie caused by water containing a largo (quantity of calcium sulphate and 
chlofido, and the magnesian salts. Dr Suthcjrlaiid found the hard water of 
the jpcd sandstone rocks, which was formerly much used in Liver]^)ool, te luivo 
a decided effect in producing constipation, lassening the secretions, and 
causing* visceral obstructions; and in Glasgow, the substitution of soft for 
hard water lessened, according to Dr Leech, the prevalence of dyspeptic coin- 
plainte. It is a well-known ffuit that grooms object to give liard water to their 

* Wanklyn lias actually proposed to add sodium chloride to drinking water, to the extent of 
50 grains per gallon, in order to improve its taste. 
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horses, on the ground that it makes the coat staring and rough — a result 
which lias been attributed to some derangement of digestion. The exact 
amount which wSll protluce these symptoms has not been determined, but 
water containing more than 8 grains of each substance individually or collec- 
tively appears to be injurious to many persons. Tliis 'would correspond to 
about 10 degi'ees of permanent hardness. A much less de^ee than this will 
affect some persons. In a well water at Chatham, which was found to 
disagree with so many persons that no one would use the water, the main 
ingredients were 19 grains of carbonate of lime, 11 grains of calcium sulphate, 
and 13 grains of sodium chloride, per gallon. The total solids were 50 grains 
per gallon. In another cjise of the same kind, the total solids were 58 grains 
per gallon, the calcium carbonate was 22, the calcium sulphate 11, and the 
sodium chloride 1 4 grains per galloiL 

Iron, in quantities sullicient to give a slight chalybeate taste, often produces 
slight dyt?pepsia, headache, and general malaise. Custom seems^jto^artly 
remove these effects. 

Dm-rhcea. 

Many conditions produce dianhoja. 

{a) Smpmdad Mineral Substances. — Clay, marl — as in the cases of the 
water of the Maas, the Mississippi, the Missouri, Eio Grande, Kansas,* of the 
Ganges, and many other riveis — will at certain times of the year produce 
diarrheea, especially in persons unaccustomed to the water. The hiU dijurheea 
at Dhurmsala is produced, apparently, by suspended very lino scales of inica.t 
(I)) Suspended Animal^ and especially Fmcal Matters^ have produced 
diarrhoea in many ctises ; such water always contains dissolved organic matters, 
to which the elfect may be jjartly owing. The case of Croydon in 1854 
(Carpenter) is one of the most striking on ^record. In cases in which the 
water is largely contaminated with suspended sewage, it is important to 
observe that the symptoms are often markedly choleraic (purging, vomiting, 
cramps, and even some loss of heat). This point hiis been again noticed by * 
Oldekoj) of Astrachan, I who found marked choleraic symptoms to bo produced 
by the water of the Volga, which is impregnated with stowage. Seven cases 
in one house of violent gfustro-intestinal deriwigement (vomiting, diarrhoea, 
colic, and fever), jnoduced by water contaminated by sewage whic.h liad ])assed 
into the cistern, are recorded by Dr Gibb.§ In the prison at Halle an out- 
break of diarrhoea was traced by Dolbnick to the contamination of watt‘r with 
putrid substances. In St Petei-sburg tlio water of the Neva, wliich is rich in 
organic substances, give diarrheea to strangers. || 

Suspended animal and vegetable substances, washed off the ground by 
heavy rain inti^ shallow wells, often produced diarrhoea, as at Prague in 1860, 
when an endcnnic of “ catarrh of the alimentary canal ” was produced by heavy 
floods washing impurities into the wells. II 

(c) Smpp/nded Vegetable Substances. — In this country, and also in the late 
American civil war, several instances have occurred of diarrheea arising from 
the use of surface and ditch water, which ceased when wells were sunk ; 
possibly there might be also animal contamination. It is not, therefore, quitp 


* Hammond’s l^giene, p. 218. * 

tWhitwell, wdS Dr Macnamara’s 8th Report on Potable Waters in Bengal, Appendix, 
p. 44. 

X Virchow’s Archiv, band xxvi. p. 117. 

3 British Medical Journal, Oct. 1870. 

li Jliscb, quoted by Roth and Lex, Mil. Gesimdheitspfl., p. 24. 
f Canstatt’s Jahiesb. 18(52, vol. ii p. 31. 
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certain that suspended vegetable matter was the vera canscL Surgeon- 
Major Grore has recorded a violent outbreak of cyarrhoca at^ Ihilairia, on the 
west coast of Africa,* produced by the water of a well ; the water was itself 
pure, but was milky from suspended matters, consisting of debris of plants, 
chlorophyll, minute cellular and branched algte, monads, j)olygastrica, ami 
minute particles of sand and clay. When filtered the water was (juitc 
harmless. 

{d) Dissolved Animal. Organic Matter. — The opinion is very widely diffused 
that dissolved and putrescent animal organic matter, to the amount of 3 to 10 
grains per gallon, may produce diarrhcea. This is possibly correct, but two 
points must be conceded — That there are usually other impurities which 
aid the action of the organic matter ; and 2<f, That organic matter, even to the 
amount of 10 to 15 grains per gallon, may exist without bad (jilects, if it be 
j)erfectly dissolved. In tRe latter case the water is, however, always clear and 
sparklingj'^ifiever tainted or discoloured. The frequent juesence of other 
impuritie-s renders it difficult to assign its exact influence to dissolved organic 
matters. 

In the case of^a well-ventilated court in Coventry,! where diarrheea was 
constantly present, the water contained 5*68 grains per gallon of volatile and 
combustible matter, but then it contained also no less than 105 grains of fixed 
salts, which, as the water had a permanent hardness of 51 “’6 (("hirk’s scale) 
after boiling, must have consisted of calcium and magnesium sulphates and 
chlorides. It also contained alkaline salts, nitrates, find ammonia. The coni- 
l^osition was therefore so complex, that it is difficult to assign to the organic 
matter its share in the effects. 

The animal organic matter derived from graveyards appears to bo especially 
huAfiU ; here also ammonium and calcium nitrites may be juesent. 

{e) Dusolred Vegetable Matter.^Th&iQ is aio evidence at present to show 
that this produces diarrhoea. 

(/) Foetid Gases, — ^Water containing much sulphuretted hydrogen will give 
rfse to diarrhoea, especially if organic matter be also i)r(?sejit. In the late 
Mexican W^r (186J.~62), the French troops suflered at Orizaba from 
a peculiar dyspepsia and diarrheea, attended with immense disengagement of 
gas tuid enormous eructations after meals. The eructed gas had fi strong smell 
of sulphuretted hydrogen.! This was traced to the use of wtiter from sul- 
phurous and alkaline springs; even the best waters of Orizaba contained 
organic matter and ammonia in some quantity. The exj)erirneiits of Professor 
W(iber have shown what mjirked effects are produced by the injection of 
sulphuretted hydrogen in solution in water into the blood ; is it possible thfit 
water containing animal organic matter may occasiontilly form SHg after 
absorption into the blood, and that the poisonous effect of some water may 
bo owing to this 1 The symptoms of poisoning by water contaminated by 
sewage are sometimes very like those noted by Weber in his experiments, 
viz., diarrhoea and even choleraic symptoms (lowering of temperature), and 
irritation of the lungs, spine, liver, and kidn{jys. 

The absorption of sewer gases, as when the overflow-pipe of a cistern opens 
intg the sewei*s, will cause diarrhoea. This seems perfectly proved by •the 
case recorded by Dr Greenhow, in Mr Simon's second report.§ 

{g) Dissnalved Mineral Matters, if passing a certain point, produce diarrha*a. 


J^port on Hygiene by the Author, “ Army Medical Report,’* vol. v. p. 428. 

T Greenhow, in Second Report of the Medical Officer of the Privy Council, 1860, p. 75. 
JPoncet, in Rec. deMem. de Med. Mil. 1863, p. 218. The exact words are “une odeur 
Cl acid sulfurique," but sulfhydrique” must be meant. • 

S oecond Report of the Medical Officer of the Privy Council. Pari. Paper. 1860, p. 153. 
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I^udin refers to an outbreak of diarrhoea at Oran, in Algiers, which was dis- 
tinctly traced to bad water^^and ceased on the cause being removed; the com- 
position of the water is not explicitly given, but it contained lime, magnesia, 
and carbonate of soda. Sulphates of lime and magnesia also cause diarrhoia, 
following sometimes constipation. The selenitic well waters of Paris used to 
have this effect on strangers. Parent-DuchUtelet * noticed the constant excess 
of patients furnished by the prison of St Lazare, in consequence of diarrhcea, 
and he traced this to the water, which “ contained a very large proportion of 
sulphate of lime and other purgative salts ; ” and ho tells us that Pinel had 
noticed the same fact twenty years before in a particular section of tlie 
Salp^tri^re. In some of the West Indian stations, the water drawn from the 
calcai'eous formation has been long abandoned, in consequence of the tendency 
to diarrhcx^a which it caused. 

Nitrate of lime waters also produces dianbcea.*^ A case is on record, in 
which a well water was obliged to be disused, in consequence of ito^ ilhpregna- 
tioii with butyrate of lime (105 grains per gallon), which was derived from a 
trench filled with <.lecomposing animal and vegetable matters.! * 

Jlrackish w'ater (whether rendered so by the sea, or derived from loose 
sands) produces dianhoea in a large percentage of persons, and at some of the 
Cape frontier stations water of this character formerly caused much disease of 
this kind. In a water I examined, which became brackish from sea water, 
and wiiich iJroducod diarrhcea in almost all persons, I found the amount of 
chlorid3 of sodium to be 253 grains per gjillon. Put, doubtless, a much less 
quantity than tliis, especially 2 chloride of magnesium be present, will act in 
this way. 

(h) Metallic Impregnation , — Occasionally animal organic matter acts in an 
indirect way, by producing nitrites and nitrates, which act on metals. * 

i)r Pa3deker,J a physican in Witten, wqs called to some cases of sickness 
produced a 2 :)parently by water. On examining the point, he found the water 
was drawn from a pump with a copper cylinder, and contained a considerable 
([uantity of copper, which seemed to bo in combination with some orgaiifc 
matter. § ^ 

I..ead (as might have been anticipated) was also largely present in this water, 
as leaden pumps were used ; iron, on the contrary, was not dissolved. 

Dysentery. 

Dysentery also is decidedly produced by impure water, and this cause 
ranks high in th(i etiology of dysentery, though perhaps it is not the first. 

Several of the older army-surgeons refer to this cause. Pringle does so 
several times, and Donald Muiiro, in the “Campaigns in Plandeis and 
Germany.” In the West Indies, Le,mpri6re,|| in 1799, noticed the increase 
of bowel complaints in Jamaica in May, when, after floods, the water was 
bad and turbid, “ and loaded with dirt and filth.” He also mentions, that at 
Kingston and Port Poyal the dysentery was owing to brackish water. It 


* Hygibne Publique, t. i. p. 236. 

+^Seitschrift fur Hygiene, vol. i. p. 166. See also a remark on the elfcet of calcium 
potoaium nitrate in causing a tendency to diarrhcea in the Report on the Drainage of Berlin 
(Die Konalisation von Berlin, 1868, pp. 27, 28). • 

:|: Pappeuheinfs Beitrage, heft iv. p. 49. 

§The amount of copper required to produce poisonous symptoms appears to be doubtful. 
It is said that the miners in the desert of Attacama, in South America, prefer to use water 
coutaii\ing so much copper as to have a distinct green colour, rather than the water brought 
up from the wells near the shore in skins, which give it an unpleasant taste. It is true that 
it is used for making coffee and may thus be to a certain extent purilied. 
il Vol. i. p. 25. 
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was not, however, for many years after this that fresh sources of water were 
sought for in the West Indies, and that rain wf^ter began Jo bo used when 
good spring or river water could not be got. 

Davis * * * § mentions as a curious fact, in reference to the West Indies, that 
ships’ crews, when ordered to Tortola, were “ invariably seized ^\^ih fluxes,” 
which were caused by the water. But the inhabitants who used tank (/.e., 
rain) water were free ; and so well known was this, that when any resident at 
Tortola was invited to dinner on board a man-of-war, it was no unusiuil thing 
for him to carry his drinking water with him. 

The dysentery at Walcheren, in 1809, was in no small degree owing to the 
bad water, which was ahnost everywhere brackish. 

The epidemic at Giiadaloupe, in 1847, recorded by Cornuel, seems also 
quite conclusive as to Jhe eflect of impure water in causing, not merely 
isolated cases, but a wide-spread outbreak, t 

In iStfdJ at Pmgue, there were many cases of dysentery, clearly traced to 
the use of watcir of wells and springs rendered foul by substances washed into 
the water by heavy floods. Exact analyses were not made. 

On the West (Joast of Africa (Cape Coast Castle), an attack of dysentery 
was tracjed by Surgeon-Major Oakes to the passage of sewage from a 
cesspool into one of the tanks. This was remedied, and the result was the 
almost total disappearance of the disease.” 

!l.'hat in the East Indies a great d(^al of dysentery has been produced by 
impure water, is a matter too familiar almost to bo mentioned (Annesley ; 
Twining). Its consbint prevalence at Secunderabad, in the Docc’.an, appears 
to have been partly owing to the water which percolated thi*ough a large 
grave-yard. One of the sources of water contained 119 grains of solids ])ei* 
ganoii, and in some instances there were 8, 11, and even 30 grains j)er gallon 
of organic matter. (Indian Eepqrt, p. 44.) 

Champouillon| has lately recorded a case in which two regiments used the 
imj)ure water from the Canal do rOurc([, near I^aris. One regiment niixcfd 
Ibhe water with coffee or red -wine, the tannin of which united with th(i organic 
matter ; this. regiment had no dysentery. The second regiment used brandy, 
which preci])itated the? organic matter on the side of the vessel, where it 
putrified. This regiment suffePed from dysentery ; the substitution of red 
wine for brandy stopped the disease. 

The great effect produced by the impure water of Calcutta in this way has 
been pointed out by Chevers, (Indian Annals, No. 17, p. 70, 1864.) 

Ill time of war this cause has ofhui been prcjsent ; and the great loss by 
dysentery in the Peninsula, at Ciudad Eodrigo, was partly attributed by Sir 
J. M‘Grigor to the use of water passing through a cemetery where nearly 
20,000 bodies had been hastily interred. 

The impiuities which thus produce dysentery appear to be of the same 
kind as those which cause the allied condition, diarrhoea. Suspended earthy 
matters, suspended animal organic matter, calcium and magnesium sulphates 
and chlorides, calcium and ammonium nitrates, large ({uaiitities of sodium and 
magnesium chlorides in solution, apjiear to be the usual ingredients ; but there 
ar^ few perfect analyses yet known. § • 

* On the jiValcheren Fever, p. 10. 

+ See a review by the author on Dysentery, in the British and Foreign Medical and Chir- 
urgical Review” for 1847, for fuller details of this epidemic. 

J Rec. de Mem. de Med. Mil. 1872, Sept. p. 230. 

§ A localised epidemic of dysentery occurred in some barracks at Numberg in the, siuuiner 
of 1872, 30 cases and 4 deaths taking place among tlie sohliers. The absorption of putnifactioii 
gases from the cloaca in the wings of the building by the drinking t/ater, was considered to 
be the cause ; the water conttiiued nitrates and free ammonia. An individual predisposition 
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"ptov^ BO Ba\iiBiao\OTi\y ttiat the dysenteric stools can’ 
propagate the di^e, maket it probable that, as in the case of typhoid fever 
and cholera, the accidental passage of dysenteric evacuations into drinking 
water may have some share in spreading the disease. 

2. AFFECTION OF OTHER MUCOUS 3IEMBRANBS BESIDES THE ALIMENTARY. 

Little has yet been done to trace out this point. At league, after the. 
severe flood of 1860, bronchial catarrh was frequent, probably caused chiefly 
by the chills arising from tlie great evaporation ; but it was noticed that 
bronchial catarrh was most common when the drinking water was foulest and 
produced dysentery. Possibly the bronchial and the urinary mucous mem- 
branes may also suffer from foul water ; the point is well worthy of close in- 
vestigation. « 

3. SPECIFIC DISEASES. 

That some of the specific diseases arc disseminated by drinking water is a 
fact which has only attracted its due share of attention of late years. It is 
certainly one of the most important steps in etiology which has been made 
in this century, and the chief merit of its discovery is owing to the late Dr 
Snow. 

Malarious Fevers* 

IIij)pocrates states that the spleens of those who drink the water of marshes 
become enhirged and hard ; and Kbazes not only asserted this, but affirmed 
that it generated fevers. Little attention seems to have been paid to this 
remark, and in modern times the opinions of Lancisi, that the air of marsl es 
is tlie sole cause of intermittents, has been so generally adopted, that thc/ 
j)Ossibility of the introduction of the cause by means of water, as well as of 
air, was overlooked. Still, it has been a very general belief among the in- 
habitants of marshy countries, that the water could produce fever. Henry 
Maisbali* says that tlie Singbalesci attribute fevers to ' impure wat(3r, 

“ especially if elephants or buflaloes have been washing in it,” and it is to be 
presumed that he referred to periodical fevers^ On making some inquiries of 
the inhabitants of the liighly raalarioiLs plains of Troy, during the Crimean 
war, I found the villagers universally stated, that those wlio drank marsh 
water had fever at all times of the year, while those who drank pure water 
only got ague during the late summer and autumnal months. The same belief 
is prevalent in the south of India ; and in Western Candeish, Canara, Balaghut, 
and Mysore, and in the deadly Wynaad district, it is stated by Mr Bettingtoii 
of the Madras Civil Service, that it “ is notorious that the water produces 
fever and iilfections of the spleen,” The essay by this gentlemanf gives, 
indeed, some exti’cmely strong evidence on this point. lie refers to villages 
placed under the same conditions as to marsh air, hut in some of which fevers 
are prevalent, in others not \ the only dilFerence is, that the latter are supplied 
with pure water, the former with marsh or nullah water full of vogebiblo 
debris. In one village there two sources of supply, — a tank fed by surface 
and hfiarsh water and a spring ; those only who drink the tank water get fevfer. 
Ill a village (Tulliwareo) no one used to escape the fever ; Mr Bettington dug a 
well, the fever disappeared, and, during fourteen years, has not returned. 

Another village (Tambatz) was also “notoriously unhealthy,” a well was 

to the disease appeared, however, to be also necessary. (Schmidt’s JahrbUcher, 1874. 1 vol. 
p. 25.) ♦ 

* Topography of Ceylon, p. 52. f Indian Annals, 1856, p. 526. 
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dug, and the inhabitants became healthy. Nothing can well be stronger than 
the positive and negative evidence brought forwanl in this paper. 

Dr Moore (Indian Annals, 1867) has also noted liis opinion of malarious 
disease being thus produced ; and M. Gommaille has since (Ecc. do Mdm. do 
M(Sd. Mil, Nov. 1868, p. 427) stated, that in Mai’seillt)s paroxysmal fevers, 
formerly unknown, have made their appearance, since the supply to the city 
has been taken from the canal of Marseilles. In reference also to this i)oint, 
I observe that Dr Townsend, the Sanitary Commissioner for the (ventral 
Provinces in India, mentions in one of liis able reports (for 1870, piiblislied 
at Nagporo in 1871, para. 143, et seq,) that the natives have a current opinion 
that the use of river and tank water in the rainy season (when the water 
always contains much vegetable matter) will almost certainly ])rodu(!(} fever 
{ie.f ague), and he behaves there are many circumstances sui)poi‘ting this 
view. this way the prevalence of ague in dry elevated spots is often, ho 
thinks, ^ explained. He mentions also that the pciople who use the watm* 
of streams draining forest lands and rice fields “ suiier more sever(3ly from 
fever (ague) than the inhabitants of the open plain draAving their water from 
a soil on which wheat grows. In the former case there is far more vegt'iahlo 
inatterin the water. The Upper Godavery tract is said to be the most aguish 
in the province, yet there is not an acre of marshy ground ; the people use the 
water of tlie Godavery, which drains more dense forest land than any river in 
India. 

In tlui Landes ” (of south-west France), the water from the extemsive 
sandy plain contains much vegetable matter, obtained from the vegetable 
deposit, which binds together the siliceous particles of the subsoil. It lias a 
m#i‘shy smell, and, according to Faure, produces intermittents and viscjond en- 
gorgements. Dr Blanc, in his papers on Abyssinia, mentions that on the 
march from Massowah to the higllands, Mr Prideaux and himself, wiio drank 
Avateronly in the form of tea or cofiee, entiredy escaped fever, while tlie others 
who were less careful suffered, and, as Dr Blanc, believes, froui tlu; water. 

The same facts have been noticed in this country. Twenty yearn ago Mr 
Blower of Bedford ftientioned a case in which the fjgiie of a village had been 
much lessened by digging welL^ and he refers to an instance in which, in the 
parish of Houghton, aJmost the only family wliich escaped ague at oiui tim(3 
Avas that of a farmer who used avcU Avater, while all the other pemons drank 
ditch Avater.* 

At Sheerness the use of the ditch Avater, Avhicli is highly impure Avith vege- 
table debris, has been also considered to be one of the cliiqf causes of the 
extraordinary insalubrity.! 

At Versailles a sudden attack of ague in a regiment of cavalry Avas traced 
to the use of surface Avater taken from a Jiiarshy district.! 

The case of the Argo, recorded by Boudin, § is an extremely strong one. 
In 1834, 800 soldiers in good health embarked in three vessels to pjuss from 
Bona in Algiers to Marseilles. They all arrived at Marseilles the same day. 
In two vessels there were 680 men Avithout a single sick man. In the third 
vessel, the Argo, there had been 120 men; thirteen died during the short 
l]i?issago (time not given), and of the 107 survivors no less than 98 were dis- 


♦Siiow On the Mode of Communication of Cholera,'' 2d edit. 185.5. p. 130. 

+ Is it not possible that the great decline of agues in England is partly due to a purer drink- 
ing water being now used ? Formerly, there can be little doubt, when there was no organised 
supply, and much fewer wells existed, the people must have taken their sui)ply froJl^i surface 
collections, and ditches, as they do now, or did till lately, at Sheeni^ss. 

+ Grainger’s Report on Cholera. Appendix (B), page 95 ; footnote. 

§ Traits de G6ographie et de Statistique Medicale.s,^1857i t. i. p. 1-12. 
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eniLarked with all forms of paludal fevers, and as Boudin himself saw the 
men, there was lio doubt of the diagnosis. The crew of the Argo had not a 
single sick man. 

All the soldiers had been exposed to the same influences of atmosphere 
before embarkation. The crew and the soldiers of the Argo were exposed to 
the same atmospheric contlition during the voyage ; the influence of air seems 
therefore excluded. There is no notice of the food, but the production of 
malarious fever from food has never been suggested. The water was, how- 
ever, different — in the two healthy ships the water was good. The soldiers 
on board the Argo had been supplied with water from a marsh, which had a 
disagreeable tfiste and odour ; the crew of the Argo Lad pure water. The 
evidence seems herci as nearly complete as could be wished.* 

One very important circumstance is the rapidity of development of the 
malarious disease and its fatality when introduced in water. It i^u.+^ho same 
thing as in tlje case of diarrhoea and dysentery. Either the fever-making 
cause must be in larger quantity in the water, or, what is equally probable, 
must be more readily taken up into the circulation and carried to the spleen, 
than when the cause enters by the lungs. 

In opposition, however, to all these statements must be placed a remark of 
Finke’st that in Hungary and Holland marsh water is daily taken without 
injury. But in Hungary, Dr Grosz states that, to avoid the injurious effects 
of the mai*sh water, it is customary to mix brandy with it, “ a custom which 
favours hYi)crtrophios of the inner organs.” J Professor Colin, of the Val do 
GrA.ce, who is so well known for his researches on intermittent fever, § is also 
inclined to question the production of paroxysmal fevers by marsh water. 
He cites numerous cjises in Algiers and Italy, where impure marsh water gave 
rise to indigcjstion, diarrha^a, and dysentery, but in no ciise to intermittent 
fever, and in all his observations he has ndVer met with an instance of such 
an origin of ague. He therefore denies this power, and in reference to the 
celebrated case of the Argo, without venturing to contcist it, he yet views it 
with suspicion, and questions whether Boudin has given the exact details. 

An instructivo case, however, is recorded by Surgcon-ihajor Ekught (Aimy 
Medical lleports, vol. xvii. p. 212), The artillery quartered at Tilbury Port (in 
the Gravesend district) have generally suffered more or less from ague, whilst 
the people at the railway station, and the coastguard and their families in the 
sliip lying just outside the fort, never suffer from malarious poisoning. The 
troops have been suppli(3d with drinking water from two underground tanks 
which recciive rain-water from the roof of the barracks, whilst the other 
persons above mentioned draw their drinking-water from a spring near the 
railway station. From December 1873 to July 1874 the troops were supplied 
from the same source, on account of the barrack tanks being out of repair. 
The following table shows the returns of sickness ; — 

* Ritter, Hirach in Jahresb. fiir gen. Med. for 1869, p. 192. 

+ Oesterlen*s Handb. der Hygiene, 2d edit. 1857, p. 129 ; footnote. 

J Qjioted by Wutzur, Reiae in den Orient. Enropaa, band i. p. 101 . 

§De r Ingestion des eanx Marecageuses comine cause de la Dysenteric et des Fi^vres Inter- 
mittentes, par L. Colin, Paris 1872. 
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Date. 

Strength. 

AdmlMions 

for 

Ague. 

Percentage 

of 

Admissions. 

Ratio of 
Admissions 
per annum. 

Water 
used. 4 

1872. 

Jau. to June. 

103 

34 

33 

66 

Water 
from liar- 
rack tanks. 

1873. 

Jan. to June. 

102 

12 

11-8 

23-6 

Do. 

1873-4. 

Dec. 1873 to 
July 1874. 

90 

1* 

• 

11 

1-9 

Water 
from spring 
the rail- 
way sta- 
tion. 

1874-5. 
Nov. 1874 to 
March 1875. 

53 

4t 

7*6 

22-8 

Water 
from bar- 
rack tanks. 


The analyses of the 


to soakaKe 
he suiToiind- 
Ing salt marsh, for 
the fio-callcd rain- 
water yielded 41*3 
grains per gallon of 
total solids in the one 
case, and 145*25 in 
the other, the chlo- 1 
rlne being resi>ec- 
tively 12-8 and 33 '9. 
The station water ! 
gave 38 grains total 
solids and only 8*3 of 
chloiinc. As regards 
organic matter, the 
tank waters showed 
actually less Impurity 
than the station 
water by the ammo- 
nia method, but by 
the permanganate 
method they were 
three times as Im- 
pure. For full details 
and for the micro- 
scopic examination, 
sec the origintil paper. 


* Thi« naae was in hospital only live oays: IC ocouireu omy a ICW uajs mtci me muyui vi mu muieiy. 
t None of these had ever had ague before; two had to be sent on furlough, being much debilitated by 
malaria. 

Typhoid Fever, 


The belief that typhoid fever can spread by means of water as well as air 
apifcare to bo eputo of modem origin, though some epidemics, such as the 
Sohleim-fiehor” of Gottingen in 1760, were attributed in part to the use of 
impure water. In 1822, Walz affirmed that an outbreak of “tyijhus” 
(typhoid) at Saarlouis, in Rhenish Prussia, was caused by imjmre water; and 
in 1843, Muller discovered that 129 cases of typhus abdominalis (typhoid), 
and 21 deaths, which occurred in the garrison at Mayence., were produced by 
fecal matter passing into tho drinking water, which had a disagreeable, putrid 
smclL In 1848, E. A. W. liicjiter published an account of an outhitiak of 
the same kind -adiich occurred in a school at Vienna, from the contents of a 
sewer passing into the drinking water.* In 1852, Dr Austin Flintf published 
tho particulars of a similar outbreak of typhoid fover at tho hiunlet of North 

Boston (Erie, U.S.) in 1843. j.,, .r, , , 

In 1852-53, a severe outbreak of typhoid fever took place at Croydon, and 
was thoroughly investigated by many competent observer's ; and it was shown 
liy Dr Carpenter of Croydon that it was partly, at any rate, spread by the 
pollution of tho drinking water from tho contents of cesspools. , 

^ In 1856, Dr RouthJ published a case in which the evacuations of a typhoid 
patient were thrown into a closet, the pipe of which passed directly into tho 
cistern of tho drinking water, in a well-ventilated house at Hastings. No 
less than eight persons were affected with more or less typhoidal symptoms ; 
many of these bad not been brought into any personal contact with the sick 

^^7n'l859, Dr W. Bndd§ published two very conclusive cases, in which well 
water was contaminated by sewage. 


•All these cases ate related by Biecke in his excellent work “Der Kreigs und Friedens- 
Typhus. ” Nordhausen, 1860, pp. 44-58. .• , 0.0 _ oon 

I Clinical lieports on Continued Fever. By Austin Flint, M.D. feffdo, 1862, p. 380. 
tFffical Fermentation as a Cause of Disease. Pamphlet. Loud. 1066, p. 34. 

I Lancet, Oct. 29, 1869, p. 432. 
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There is no satisfactory evidence that typhoid stools had been in the sewage 
matter, hut thei* presence h not excluded. I learn, from personal communi- 
cation with Dr Budd, that ho has long been convinced of the occasional pro- 
pagation of typhoid fever in this way. 

In 1860, an outbreak of typhoid fever occurred at the Convent of Sisters 
of Charity at MuniclL 31 persons out of 120 were attacked between the 15th 
September and the 4th of October, with severe illness, and 14 of these cases 
were true typhoid ; 4 died. The cause was traced to wells impregnated with 
much organic matter (and among other things typhoid dejections), and con- 
taining nitrates and lime. On the cessation of the use of this water, th(j fever 
cease<l.* 

The propagation of typhoid fever in Bedford would certainly appear, from 
Mr Simon’s report,! to have been pai*tly tlirough tV^ modimii of the water. 

Dr Schmitt X has for several years paid particular attention to Jiiis point, 
and in 1861 published several very striking cases. 

A case bearing on the same point was brought before the Metropolitan 
Ofiicers of Health in 1862,§ by Mr Wilkinson of Sydenham. In tliis case 
the water was contaminated by absorption of sewer gases. 

In 1862, a very sudden and severe outbreak of typhoid in a barrack at 
Munich was traced to water impregnated with fyecal matter; on ceasing to us(j 
the water, the disease disappeared. || In 1865 a very remarkable outbreak 
of typhoid occurred at Eatlio, in Scotland, and was traced to drinking water 
contaminated with* sewagt^.ll In 1866 typhoid fever l)roke out in a girls’ 
school at l>ishopstok(j, near Southampton, and was traced unequivocally to 
the bursting of a sewer j)ipe into the well. The water was disagreeable both 
to smell and taste. 17 or 18 persons were affected out of 26 or 28. Several 
very striking instances are reconled in Mr Simon’s lieports by Dm Seaton, 
Buchmian, and Thorium,** and in some of thise ciises analyses of the water were 
made, whieli showed it to be impure, and to contain organic sewage, or its 
derivatives. A very good case, at the Garnkirk works in Glasgow, is recorded 
Tjy Dr IVuTy.tt Ilenzy, the Sanitary Commissioner of the Punjab, has 

also publishetl a remarkable paper on the extinctibn of typhoid fever 
in Mill bank ])rLsoii; Jind shows, from the statistics of many yearn, that the 
fever has entirely disap])eared since the use of Thames water Wius given up ; 
the disappearance was coincident with the change in the water supply. Two 


♦Efliiiliurgli Medical Journal, Jan. 1802, p. 1153. See also Gietl, Die Ursachen des Enter. 
Typhus in Miinolieii, 186.5, p. 58. 

’\' Third liepoi-t of the Medical Oflicer of tlie Privy Council, 1860. 

:J:Jourii. de Med. de Bruxelles, Sept. 1861 ; and Canstatt’s Jahresb. for 1861, band iv. pp. 
182, 183. See the 2d edition of tliia work for a short account of them. 

g British Medical Journal, March 1, 1S62. 

II (iietl, Die Ursachen des Ent. I'yphus in Miinchen, 186.5, p. 62. In this little book is 
much evidence to show the propagation of typhoid;by foul water and by deficient arrangements 
for removal of excreta, as well as many instances of the carrying of the disease from place to 
place, analogous to those narrateU by Bretoimeau many years ago. 

^,1 Edin. Med. Jouni. l>oc. 1865. In this case a groom came to the house ill with typhoid 
from Dundee, and thus inti’odiiced the disease. This fact was communicated to me by a rela- 
tion of the owner of the house, 

Dr Seaton’s Pweport on Tottenham (Report of Medical Officer to the Privy Council for 
1866, p. iflf)). Dr Buchanan ou Guildford (Ibid, for 1867, p. 34) ; Dr Thome’s Report on 
Terling (Ibid. p. 41) ; Dr. Buchanan’s Report on Wicken-Bonant (12th Report, ]>. 72). In all 
these instayees the evidence reac;hes the highest degree of probability, and in ’ the cases of 
Guildford and Wickeii-Boiiant of almost absolute certainty. See also Report on Sherborne by 
Dr Blaxall ; on Cains College, Cambridge, by Dr Buchanan (both in No. ii. new series) ; on Lewes 
by Dr Thome (No. iv. new series) ; also the case of Over-Darwen (Sanitary Record, 1876) ; case 
given by Dr Stallard (Lancet, Feb. 1872) ; Dr Barclay’s Reports on Bangalore (Army Med. 
Reports, vol. xiii. p. 208). Geissler also quotes from llagler a very strong case occurring at Tiausen. 
Schmidt’s Jahrb. 187i, No. 2, p. 185). 

itf Lancet, June 1808. 
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excellent cases are recorded by Dr Clifford Allbutt* * * § and one by Dr Wohlrab, 
which are free from ambiguity, t A very good case is i-ecorded by Dr Latham. { 
Typhoid was introduced into a village and ** spread by the agency of 
contaminated diinking water. § 

That water may be the medium of propagating typhoid thus seems to bo 
proved by sufficient evidemee ; and it has been admitted by men who have 
j)aid special attention to this subject, as Jemner, W. Ihidd, and Simon. It 
does not seem unlikely, indeed, that this mode of spreading wiU be foimd to 
be far more common than is supposed. || 

Two questions arise in connection with this subject — 

1. As typhoid fever luidoubtedly sprcjads also through the air, What is the 
proportion of cases disseminated by water, as compared with those disseminated 
by air] No answer can yet be given to this (^^uestion.H 

Tlicre is one j)oint of 'some interest. When the dates of attack are given, 
it is cinfisif s to observe how short the incubative period appears to be ; while 
it is probable that it takes many days (8 to 14) after the tyidioid poison has 
(?nter(id with the air before the early tmdaise comes on, in some, of the cases 
of ty])h()id brought on by water, two or three days only elapse before 
the sym])toms are marked.** ;; 

A very large number also of the susceptible persons wlio drink the water 
are affected. 

2. Will dcicomposing sew.age in water produce tyjffioijl fever, or must the 
evacuations of a typhoid patient pass in ] lliis is part qf the larger question 
of tlie origin and 23roi)agation of siK'cific poisons. It is certainly remarkable, 
in the range of cascjs recorded by Scbiriitt, how uniforndy the })ORsibility of 
the i^Jissage of tyjffioid stools is disregarded. Everything is attributed toficcal 
niertters merely, A case recorded by Dr Downes, ft in which six eases of 
typhoid resulted from the overllow of iion-tyj)hoid sewage into a well, siqqwuts 
tliis view. On the other hand, in* the cases recorded hy Allbutt and Wohlrab 
already referred to, contaminated water had been used for some time without 
iproducing tyjdioid f(jver. Persons affected with ty])hoid (mteric ffjvor then 
entering the jdace, theii* discharges passed into the drinking water, and 
then an ouftmiak of tyjffioid followed. An extremtdy strong case is given 
by Ballard. J J Very polluted w|jiteT had been used for yearn Ijy the inhabiUuits 
of tlie village of Nunney without causing fever, when a pcji^son witli enteric 
fev(ir came from a distance to the village, and the excri4a from this person 

* See my Report on Hygiene, Army Me<l. Dept. Blue Book, 1860. p. 23. 

+ Archiv. derlleilk. vol. xii. p. 134(1871). 

: Lancet, July 15, 1871. 

§ A remarkable case is reported by Dr Zuckscliwcrdt occurring; in tlio orphan a.syluni at Halle 
in 1871. Also by Dr Bnrkart at Stuttgart, at Heinhai-tsdorf in Switzerland and at Schandau, 
all distinctly traceable to impure water. (Scliniidt’s ‘Malirbiicluir” 1874.) 

f| Biermer from an analysis of 1300 cases cites evidence of water can-iage (Scliini<lt*s Jabrh. 
1873, No. 8, p. 195). 

IT Mr Simon in liia M Report, new senes, gives a table of 146 outbreaks investigated by Ijis 
officers in 1870-3 (4 years), in all of which great exorementui pollution of air or water, or 
generally of both, was found. 

** Dr. W Budd says, in a letter to me — “In the cases in which the poison is conveyed by 
water, infection seems to be much more certain ; and I have reason to think that the period of 
in<;ubation is materially shoi-tened. An illustration of this seems to be furnished by tho 
memorable outbreak which occured at Cowbridge some years ago, and which presented tliis 
unexampled fact : that out of some 90 or 100 persons avIjo Avent to a race ball at tho principal 
inn there, rflove than oue-thiid Avere within a shoit time laid up Avith fever. Tn this case 
there Avas satisfactory reason to think that the water avjis contfiiiiinated, though there Avas no 
chemical examination.” In the attack at Guildford, however, the incubative period Avas not 
shortened, as Dr Buchanan calculates it at 11 days, 
ft Lanc^it, 27th April, 1872. 

tt Repoit to the Local Government Board on an outbreak of enteric feA’er at Nunney, Sept. 
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were washed into tlie stream supplying the village. Between June and 
October 1872, no less than 76 cases occurred but of a population of 832 
persons. All thdfee attackcd*drank the stream water habitually or occasionally. 
All who used filteriid rain or well water escaped, except one family who used 
the water of a well only 4 or 5 yards from the brook. The case seems quite 
clear — first, that the water caused the disease; and secondly, that though 
polluted with ex(jrement for years, no enteric fever ai)peared until an imported 
case introduced the virus. l\»sitive evidence of tliis kind seems conclusive, 
and I think we may now safely believe that the presence of tyj)hoid evacua- 
tions in the water is necessary. Common hecal matter may produce*, diarrhcm, 
which may 2 )<irlui])s be febrile,* but for the production of enteric fever the 
specilic agent must be prestmt. The ojnnion that the stooLs of tyjihoid are 
tlie es]K*cial carriers of the poison was first, I believe, exidicitly stated by 
Canstattjt and lias been also ably argued by W. BiaJd. 

Citolercu 

Few of the earlier investigators of cholera appear to have imagined that the 
s^iotnlic iioison miglit find entrance by the means of drinking water. There 
is an intimation of the kind in a remark by Muller ; J and Jameson, in the 
Bengal Ibqiort of 1820, alludes to the effect of inqmre water, hut in a 
ciimory way. 

In 1849 the late Hr Snow, in investigating some circuinscrihed outbreaks 
of choi(>ra in lloisleydown, Wandsworth, and other jdaces, came to the con- 
clusion that, in thc^se instancies, the disease arosie from cholem evacuations 
finding their way into the drinking water. Judging from the light of .sul)- 
seipient experience, it now seems extremely probalile that this was the case, 
ami to Dr Snow must cei*biinly be attributed the very great merit of discover- 
ing tliis 7uost important fact. At fii*st, certfmily, the evidence was defective,§ 
but gniduiilly fresh instances were collei^eil, and in 1854 occurred the 
celebrated instance of the Broad Street pump in London, which 'ivas investi- 
gated by a committe.o, whose report, drawn uj) by Mr John Maishall, of- 
IJnivorsity College, with groat logical power, contains t}io most convincing 
cvideiico that, in that insttuiee, at any rate, the poison of cholera found its 
way into the body through the drinking wateifc|| 

In 1855 Dr 8now ^^ulilislied a second edition of his book, giving an 


* A p;oo(I instance is given by Mr R. Bond-Moore (Bondon Medical Record, May 27, 1874, 
page .?i27) as occurring at SeMglcy Park school. Two years previously the water siip}»ly became 
contnininuted with or<Uiiary sewage, but no typlioid fever resulted, although thcitj was 
diarrlioea, sickness, gieat languor, and great prostration. The leaking drain was repaired 
and the attack ceased. Two years after, tyi)hoid vras introduced by one of the boys and spread, 
apparently by the use of the closets. 

“ Wahrscheinlich sind die E.xhalationen de.«« Krankes, seine Kxcreinento, vielleicht die 
typhosen Afteryehildc ini J)arme, <lie Trager des Coutagiums.^’— (yaiistutt, iSpec, Path, und 
Ther. ‘2d edit, band ii. p. 572 (1847). 

J Eiuige Bemerkungen iiber die Asiat. Cholera. Hanover, 1848, p. 36. 

g There seemed at once an a argument advei-se to this view, as, at that time, all 

evi<lence was against the idea of choh.-ra evacuations being capable of causing the disease. 
They had been tasted and drunk (in 1832) by men, and been given to animads, without effect. 
Per8oy.s inoculated themselves in dis.sections constantly, and bathed their hands in the fluids 
of the intestines ; in India the pariahs who remove excreta, and everywhere the Avnslienvomen 
who washed the clothes of the sick, did not especially suffer. And to these arguments must 
be added the undoubted fact, that there were .serious di*ficiencies of evidence in Dr Snow’s 
early cases. (See review by the author in the British and Foreign Medical ChinuTjical Re- 
view, April 18.55.) 

|j Report on the Cholera Outbreak in St James’s Westminster, in 1854. London, Churchill, 
1855. Every point is discnssecl in this report with a candour and precision which leaves 
nothing to be di‘sired. For further evidence on tliis outbreak, see liiuiau Sanitary Report : 
evidence of Dr I)un<las Thomson, p. 272, 
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account of all the cases hitherto known, and adding some evidence also as to 
the introduction in this way of other specific pq^sons.* * ^ 

The facts, at present, may be briefly summed up as follow : — 

1. Local outbi*eaks, in which contamination of the drinking water was 
either proved or in which the evidence of the origin and succession of cases 
seemed to make it certain that the cause was in the drinking water. In 
England, Dr Snow and others have thus recorded cases occurring in 1849 and 
1854 at llorsleydown, Broad Street, Wandsworth, West Ham, In 1865 
the important outbreak at !Newcastle-on-Tyno,t when all the circumstances 
pointed very strongly to the influence of the impure Tyne water. In 1865 
occurred the remarkable and undoubted case of water poisoning at Theydon 
Bois, recorded by Mr liadclilfe,! and in the following year the violent outbreak 
in the East of London ^vas supposed to be (connected with the circulation of 
im 2 )urf :wator by the East London Water Works Company. Much discussion 
has takbii place as to the real influence of the im 2 )iire water whicli it is arhnitted 
on all hands was used. Mr Eadclitfeg and Dr Farr|| have colh^cted th(j 
evidence in favour of the opinion that the sudden outburst was really owing 
to this water ; while Dr Letheby and some others have exjuessed doubts on 
this point, chiefly on account of the difficulty of reconciling with the hy])othesis 
certain exce 2 )tional cases both of immunity and of attack. To me the evi- 
dence in favour of tlie Avater being the cause ajipears extremely strong, and 
far grcHxter difficulty arises if that view is not received tlmn is (uiused by the 
exceptional cases rcfc'.rred to, and of which we may not know all the jvarticu- 
lai* § s. In the same year (1866) an ap])arently unequivocal case of production 
of cholera by the drinking water of a tank on board a steamer occurred 
at Southampton, and I have recorded the particular in the Eejxort of tlie 
]?tedical Officer to the Privy Council for 1866.1f 

A very striking ciuse at Utreciit is noticed by Snellen, and is given by Dr 
Ballot, of Eotterilam, who htis adduced much strong evidence on the influence 
of the foul water in Holland in spreading cholera.** * * §§ 

• During the epidemic in 1866, except in the East London case, no such 
striking ingtances iif local outbreak from water conkimination were recorded 
as in 1849, but there Averc in some parts, and «?specially in Scotland, tis noticed 
by Dr Shivenson Macadam, ft very striking coincidences iK'.tweeji the abate- 
ment of the disease and the introduction of a fresh and ])ure suj)j>ly. 

In Germany choleraic water- 2 )oisoning has not only been less noticed, but 
the gr(jat authority of Petteiikofer is against its occurnuice. At Municdi, 
PettenkoferJJ could find no evidence Avhatever in favour of the si^rcad by 
Avater ; and Gunther, in his careful Avork on Cholera in Saxony ,§§ assorts that 

* On the mode of Communication of Cholera, By John Snow, M.D. Lomlon, Churchill, 
2d e<litiou, ISof). 

f For full particulars, see Dr Farr’s Report on Cholera in England, 1866, p. 33. 

X Repoit of the Medical Officer to the Privy Council for 1865 (Eighth Report), 438. 

§ Report of the Medical Officer to the Privy Council for 1866, p. 266. 

II Report on the Cliolera Epidemic of 1866 in England. Supidement to the 29th Annual 
Report of the Registrar-General, 1868. 

IF Report of Medical Ofticer to Privy Council for'1866, p. 244. In this case the water was 
foul tasted, and avus certainly contaminated with sewage. 

* ** Medical Times and Gazette, May 1869. Thus it was found that those who drifnk the. 
water of the Polders (reclaimed lands) died at the rate of 17*7 per 1000 ; those wlio drank the 
Avell-watei, 16*8 per 1000 ; those who drank river-water 11*9 per 1000 ; those who drank rain- 
water liltered, only 5*3 per 1000. The city of Amsterdam itself, supplied by an a<iuedm;t 
with rain-water from the downs near Haarlem had only 4 per 1000. In Rotterdam during 
the epidemic the mortality fell to one-half immediately on pure water being supplied in the 
streets. (See paper by J. C. Jaeger.) • 

ft 'IVansnetioiis of the Royal Scottish Society of Arts, vol. vii. p. 341 (1 867). 

Xeitsch, fiir Biol., band i. p. 35^ 

§§ Dio Iiidische Cholera in Sachsen im Jahre. 1865, x’. 125. 
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no influence whatever was exerted by drinking water. No evidence Ibould be 
obtained either in Baden or in villages near Vienna.* And as in all cases the 
observers were not only quite competent, but were fully cognizant of the 
opinions held in England, this negative evidence is of great weight. At the 
same time, it cannot be allowed to outweigh the English cases, and, moreover, 
even in Germany some positive evidence hjis been lately given. Dr liichterf 
attributes a preponderant influence in a local outbreal^ among the workmen of 
a sugar-manufactory to the pollution of the drinking water by scjwagc? ; and a 
still more striking cjise is recorded by Dr Dinger, J in which the discharges of 
a cholera patient pass(3d into a lirook, in which also the clothes w(3re washed ; 
the wattir of tliis brook being used for drinking, th(3re was a sudden and very 
fatal outbreak aflecting tlic persons who took the water. 

In India the evidimce for chohjra wat(ir poisoning is at pres(mt become very 
strong. Tlie great cholera outbreak of 1860 and 1861 Vas attributed by some 
medical officers to the defilement of the tank water “ into which the general 
ordure of the natives is washed during the miny season ; ” g and still more re- 
cently, what appears to he a striking instance has occurred. IS’o one can read 
the able account given by Dr Cuningham and Dr Cutlilfo in the Bengal 
Beport for 1867|| of the appearance of chohira among the vast crowd 
of pilgrims after the great bathing <lay at Ilurdwar, without coming to the 
conclusion that it was a case of water poisoning on a gigantic scale. II 

That in India the cholera poison is often carried by water appeal's probable, 
not only from the Hunlwar outbreak, but from the very sudden and violent 
outbreaks and the great sewage contamination in the water of many 
districts.** 

In Central India Dr 'lownsend has given strong reast)ns for l)elieving that 
the cholera of 1868-9 was, to a large extent, dcipendent on water-fouliiif^. 
(See Kopoi't on Cholera in the Central Pro vin 9 “s.) Dr Maenamara (on Asiatic 
Cholera, 1870) has given some good evidence on the same side, (see pjj. 328, 
et spq.), and Dr Cleghorn {Indian Medical Gazette^ March 1872) has noted 
some striking proofs of tlie same fact, ft 

So also in other countries; the attack which caiis^^-d sucl^ losses to 
the Erench Division in the Dohmdscha in 1855, when the wells were sup- 
posed to be ]K)isoned, and to the English cavalry at Devna,:}:J the wattii* was 
apj>arently the nu?.ans of carrying the disease. 

In evidence of this kiml W(3 must remember that each siicci\ssive instance 
adds more and more weight to the instances previously observed, ujitil, from 


* Volz ainl Witiivoil, quoted by Hirsch iu Jahresb. der gen. Med. for 1807, baud ii. p. 221. 

+ Arcliiv der Heilk, 1807, p. 472. + Ibid. 1867, p. 84. 

§ M ‘William, Epidtuu. Society Trans, vol. i. p. 274. 

11 Report of the Sanitary CoinmLssioners with the Oovemiiient of India for 1867. Calcutta. 
1868. 

^ Dr. J. M. Cunnigbam has, however, since renounced the theory of the water carnage of 
cholera. 

** Vid^ Kejiort on the Sanitaiy Admhiistmtion of the Punjaub for 1867, and subsequent 
yeai^, by A. (J. C. I)e Renzy, Esq. (Cases of Peshawur and Amritzur.) 

•pj- See also the remarkable case of the Yerrauda gaol, reporte<l by Burgeon-Major H. Blanc. 
Out of 1279 prisoners there were 24 cases of cholera in 5 days, with 8 deaths. Of those 22 ca.ses 
occurred among 134 piisoners eniploye<l as a road-gang, and only 2 among all the others 
variously employed. It was shown that the roa<I-gang alone drank of water from the Mootla 
River, a little Isdow^the spot where the clothes of two cholera patients fnmi the village ]iad 
been washed and their bodies burnt ji few days before. The rast of tlie prisoners <lrank tlie 
usual water supply \M on from a lake near Poouali. In the two cases among those otherwise 
employeii direct infection was undoubted in one, as he attended on cholera patients, and, con- 
trary to uixlers, took his meals in the cholera wanl, and drank water that had btHfn standing 
there ; the other man slept near one of the firet cases, the patient voiulting in his immeffiato 
vicinity. 

1 derive this information from a MS. essay of Dr Cattell. 
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the mere accumulation of cases, the cogency of the argument becomes 
irresistible. * * * § 

2. The evidence derived from such local outbreaks is supported by that 
drawn from the history of more general attacks, in which districts supplied 
witli impure water by a water company have sulTered greatly, while other 
districts in the same locality, and presenting otherwise the same conditions, 
were supplied with pure water, and suffered very little. Thus the Kegistrar- 
Greneral has shown, that the districts supplied in 1853, part by the Lainhetli 
Company with a pure water, and part by the Southwark Company mth an 
impure water, suhered much less than the districts supplied by the latter 
company alone (the proportion Wiis 61 and 94 cases resj)ectively to 100,000 
of population). Schiefferdecker, in Konigsberg, has also given evidence to 
show the different extent in which districts in the same city supplied with 
pure aiirl impure water suffer.* 

In Berlin, in 1866, in the house^s supplied with good water the number of 
houscis in which cholera occurred was 36 '6 per cent. ; in the houses witli bad 
water was 52*3 per conkf 

3. Additional arguments can be drawn from instances in which towns 
which could not have had water contaminated with sewage have escaped, and 
instances in which towns which have suffered severely in one (ipidemic have 
escaped a later one, the only difference being that, in the interval, the suj)ply 
of water Wiis improved. Exeter, lIiiU, Newcastle-on-Tyne, (Glasgow, and 
Moscow are instances of this. Two very good cases are related by Dr Acland, X 
The parish of St Clement was 8Ui>plic(l in 1832 with filthy water from a 
sewer>rcceiviug stream. In 1849 and 1854 the water was from a purer sourca 
III the first year, the cholera mortality was great; in the last yeai’s, in- 
significant. Two jails wore near each other ; the one suffered, the other did 
not ; the water was impure in onl case from (Irainage, pure in the other. The 
jail with bad water having got a fresh supply, the cholera did not apjiear in 
^the next epidemic. In Copenhagen a fresh water supply was introduced in 

1859. Although cholera liad prevailed very severely there previously, in 
1865 and 1666 there were only very few cases. The future must show if 
this exemption wiis owing to^tho pun^r water.§ In Hjxarlem, in Holland, 
cholera prevailed in great intensity in 1849. In 1866 it returned, and again 
prevailed as severely in all parts of the town except one. The part (mtirely 
exempted in tlie second epidemic was inhabited by bleacliers, who, between 
1849 and 1866, had obtained a fresh source of pure water. || 

In looking back, mth this new reading of facts, it would seem that some 
older reported cases of sudden cessation of cholera can be explained, such as 
the case of Breslau, in 1832, when the shutting up of a pump was followed 
by the very rapid (lecline of the disease. Doubtless, however, in other cases 
the causes of the cessation are different ; heavy rain, by cleansing air and 
sewers, and by stopping the evolution of effluvia, will sometimes as suddenly 
arrest cholera. ^ Most important evidence is given by Professor Forster of 
Breslau (Die Verbreitung der Cholera durch die Brunnen, Breslau, 1873). 
He shows that five towns of Silesia (of 5000 to 12,000 inhabitant^ are 
oittirely free from cholera, which never spreads, even when introduced. The 
only common condition is a water supply from a distance which cannot bo 
contaminated. In Glogau (13,000) half the water is from a distance and half 


* See Report on Hygiene, Army Med. Dept. Report, vol. xii. p. 241, 

t Die Kanalisation von Berlin, 1868. p. 30. 

i Cholera in Oxford in 1854, by H, W. Acland, M.D., p. 51. 

§ Homemann in Virchow's Archiv, band 53, p. 156. 
il Ballot, British Med. Journal, April 1869* • 
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from wells : those using the former remain free, those using the latter are 
attacked. In one* case in Bfeslau, on a well becoming contaminated, eleven 
persons were immediately attacked. Dantzig and Koiiigsberg used formerly 
to suffer equally: Dantzig, having a new water-supply, does not suffer; 
Kdnigsborg, with its originsd supply, continues to do so.* 

So also other curious facts in the history of cholera become explicable. 
The prevalence of cholera in Kussia, with an out-door temperature below zero 
of Fahr., has always seemed an extraordinary circumstance, and it appeared 
only possible to explain by supposing that, in the houses, the foul air and the 
artificial temperature must have given the poison its necessary conditions of 
development. But Dr Kouth hfis pointed outf that, in the poorer Kussian 
houses, everthing is thrown out round the dwellings ; then owing to the cold, 
and the expense of bringing drinking water from a distance, the inhabitants 
content themselves with taking the snow near theii‘ houses and melting it. It 
is thus easy to conceive that, if cholera evacuations are thus thrown^jut, they 
may be agiiin taken into the body. This is all the more likely, as cholem 
stools have little smell or taste, and, when mixed oven in large quantity with 
water, are indetechiblo by th<^ senses. 

We may therefore conclude that the cholera evacuations, eitlier at once or 
after undergoing some special fermentative or transformation change, pass into 
drinking water or float about in the atmosphere. In either case they are re- 
ceived into the mouth and swjdlowed, and produce their effects directly on 
the mucous memhmne, or are absorbed into the blood. The relative frequency 
of each occurrence, the incubative period, and the severity of tlie disease pro- 
duced, arc points still uncertain. 

C. Macnamara states (“| Asiatic Cholera,” p. 330) that the dangerous period^s 
when the water into which cholera stools are passed is swarming with 
vibriones, and th^it when ciliated infusoria appear danger is over. lie speaks 
strongly on this point, and from actiuil experience. 

In addition to the production of cholera from drinking water conhiining the 
cholera stools, it has been supposed that the uso of impure water of any kind- 
predisposes to choleni, though it cannot absolutely produce the divsease. The 
facts already quoted on the influence of the Lfimheth water seem to support! 
this view ; but some German evidence in ISBO does not favour it-J If the 
water acte in this way, it can only bo by causing a constant tendency 
to diarrhoea, or by carrying into the alimenhiry canal organic matter wbicb 
may be thrown into special chemical cliauges by a small quantity of cholera 
poison, wliicli has been introduced witb air or food and swallowed. 

Tellmo Fever, 

As, like dysentery, typhoid fever, and cholera, the alimentary mucous 
membrane is primarily affected in yellow fever, there is an a prioH proba- 
bility that the cause is swallowed also in this case, and that it may possibly 
enter with the drinking water. But no good evidence htis been yet brought 
forward. 

Bguding quotes a case from Eochard in which a French frigate (in 1778) 
took in water at San Jago, where yellow fever prevailed. Some days affer- 

♦ In Indita also similar results are found. Cullen cites the case of Hurda, rendered free from 
cholera by improved conditions of water supply: Payne reports that the new water supply of 
Calcutta has had tli© strongest effect in diminishing .the mortality from cholera. See also the 
Report ob the Cholera in America in 1873, for cases«of water carriage. 
f Ffiecal Fermentation, p. 24. 

‘^See Report on Hygiene, Army Medical Dept. Report, vol, vU. p. 352, 
rTrait^. de Geog. et de Stat. Med. 18j8, t i. p. 141. 
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Wards yellow fever broke out with such violence, that two-thirds of the crew 
were attacked. “ And the proof that the onljP cause wfi^ the water,” says 
Eochard, “was that the persons living with the captain had with them jars 
filled with water from Europe, and all escaped.” Boudin very properly 
observes, that this evidence is very defective ; but yet we must remember 
how comijletely the propagation of marsh and typhoid fevers, and of cholera 
by water, has been overlooked, and how exactly this sudden and extensive 
attack resembles the case of the Argo. 

The Ikrratik Commissioners have also directed attention to the fact of tlie 
great impurity of the water at Gibraltar at the time of the yellow fever 
epidemic. 

The other Zy^motic Diseases. 

• 

Ko decided evidence has yet been given that any other of the specific 
diseases are propagated in this way, but Dr Macadam has brought some evi- 
dence to show that erysipelas and throat ulcer may have a water origin,* * * § and 
Dr Menzies has stated that, in Naples, cases of {Edinburgh Med. ami Sur. 
Joxvrmidy Sept. 1872) diphtheria occurred, which he thinks were caused by 
contaminated water. The evidence is not, however, at present sufficient to 
prove tills. 


4. DISEASES OP THE SKIN, AND SUBCUTANPJOUS TISSUES. 

A curious endemic of boils occurred in tlie vicinity of Fmnkfort in 1848. 
It was confined to a small number of persons, and presented favourable 
oiiportunities for investigation. An elaborate inquiry was made by Dr 
(JfcmenSjt whicdi certainly seems to indicate that the conqdaint was caused 
by drinking water containing sulphuretted hydrogen gas, which Wfis set free 
in some large .chemical works, and was washed down by the rains into the 
brooks from whicjh drinking water was derived. The case is most elaborately 
^ind logically argued, but it certfiinly seems remarkable that other instances of 
the same kind shoi^d not have been observed, especially as in some trades 
thei*e is disciigagement of large quantities of SHg into the atmosphcire, and as 
the drinking of sulphuretted springs is so common. 

The j)eciUiar forms of boil or ulcer common in many cities in tlie Eiist have 
been in some cases referred to the water. The Aleppo evil, the Damascus 
ulcer, and some other diseases of an analogous kind, wliich have the peculiarity 
of occurring only once in life, are possibly more connected with the true con- 
tagions ; but the unhealthy ^ils or ulcers so common in India, especially in 
the north-west and along the frontier, are probably connected with biul wfiter. 
The so-called Delhi boil has much decreased in frequency since the waters of 
the Jumna were used instead of the impure well water, f but, on the other 
hand, Fleming’s observations have thrown doubt on the fact of the water being 
to blame.§ With regard to the frontier ulcers in India, Dr Alcock (35th 
liegt.) has given some curious evidence, which seems to connect them with 
vegetable detritus and tlie evolution of sulphuretted hydrogen. 

The elephantiasis of the Arabs (tlie so-called liarhadoes leg or Piichydei^nia) 


* Trans, ftf the Royal Scottish Society of Arts, 1867. 

•f Houle's Zeitschrift filr Nat. Med. 1849, vol. viii. p. 215. 

J See Annual Report of San. Com. with the Government of India for 1867, p. 178 (1868). 
Some excellent analyses of the Delhi waters are given by Dr Sheppard ; vide Dr Macnamani’s 
Second and Third Reports of the analyses of potable waters in the Bengal Presidency. Cal- 
cutta, 1868. ^ j 

§ The later observations of Drs D. Cunningham and T. Lewis have tended, on the other hand, 
to weaken thoS43 of Fleming, and to show that the watjr is probably blame. 
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has been ascribed to organic impurities in water, but on no very stringent 
evidence. 

5. DISEASES OP THE BONES. 

Water, impregnated with sulpliurous acid, gives rise in cattle to a number 
of serious symptoms, among others to disciises of the bones. The sulphurous 
acid evolved from the co])per works at Swansea has caused numerous actions 
on account of the loss of herl)age and cattle, liossignol* states that water 
highly charged with calcium carbonate and sulphate was found to give rise to 
exostoses in horaos ; pure water being given, the bones ceased to be diseased. 
Hard water is said to make lioiBes’ coate rougli. 

6. CALOULL 

It has long been a popular ojnnion that drinking lime watom gi\^s rise to 
calculi (calcium phosphate and oxalate). Several medical writem have held 
the same opinion, and have adduced individual instances of calculi 
(phos])hatic ?) being apparently caused by hard waters, and cured by the use 
of soft or distilled water. On a Luge scale, statistical evidence is, as far as I 
know, wanting. The excess of ciises of calculi in i^orwich and Norfolk 
generally is not, in Dr Eichardson’s oi^inion, attributable to tlie water, f Dr 
J. Murray, of Newcastle, has lately given some evidencej to show a connection 
between the lime waters and calculi, espiicially idiosjduitic, but it does not 
ajjpear to be more convincing than that previously adduced. 

At Canton stone is (joinmon, while at Amoy, Shanghai, Ningjx), and other 
places, it is not met witL The cause of the diiference is not known, but it is 
not chalk water, tis the Chinese sxlwaya drink boiled water. § • 

Professor Cranigee, however, states that ^eep are particularly affected by 
calculus in the limestone districts. 


7. GOITRE. * § 

The opinion that ini])ure drinking water is the cause of goitr^, is as old as 
IIil)pocrates and Aristotle, and has been hehl by the majority of physicians. 
The opinion may be said actually to have been jait to the test of experiment, 
since both in France and Italy the drinking of certain waters has been re-sorted 
to, and apparently with success, for the pur 2 )osc of producing goitre, and 
thereby gaining exemption from military conscription. || And this is supported 
by the evidence of Bally, Coindet, and by many of the French army surgeons, 
who have seen goitre produced even in a few days (8 or 10) by the use of 
certain waters. H While, conversely, Johnston saw goitre, which was common 
in a jail, disappear when a pure water was used.** Apari from this, the evi- 
dence for the causation by water is extremely strong, many cases being 
recoi*ded whei-e, in the same village, and imdcr the same conditions of locality 
and social life, those who drank a jxirticular water suffered, while those who 


* Ti-aite d’Hygibne Militaire, 18.57, p. 357. 

+ Med. History of England ; Medieul Times and Gazette, 1864, p. 100, 

X British Medical Journal, September 1872. 

§ I>r Wang in Chinese Customs Report for 1870, p. 71. 

II Among other evidence on this point, the late work of M. Saint-Lager (Sur les causes dii 
Cretinisme etdu Goitre end^niique, Paris, 1867) may be cited (p. 191, ei seq.), as he appears to 
have carefully looke<l into the evidence. See also Baillarger (Comptes Rendus de rAcad. t. 
Iv. p. 4f.5), who idso states, though this lias been denied by Key, that horses and mules 
become affected from drinking the water of the Ishre. 

IT Encyclopaidia of Practical Medicine, vol. i. art. Bronchocele, p. 826. 

J^in. Monthly Journal, May 1856, 
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did not do so escaped."* * * § ^ The latest author who has Avritten on this subject, 
and who has accumulated an immense amount 6i evidencoj M. Saint-Lager, 
expresses himself very confid ently on the poinh 

The impurity in the water which causes goitre is not yet precisely known. 
It is certainly not owing to the want of iodine, as stated by Ghatin, and there 
is little probability of its being caused by organic matters, by liuonne, or by 
silica. On the other hand, the coincidence of goitre with sedimentous wat(>r 
is very frequent Since the elaborate geological inquiries of M. Graiigtif 
and the analyses of the waters of the Isire, magnesian salts in some form have 
been often considered to bo the cause, to which many add lime salts also ; and 
certainly tlie evidence that the waters of goitrous places is derived from lime- 
stone and dolomitic rocks, or from serpentine in the granitic and nuitamorphic 
regions, is very strong, ->The investigations now include tlui Alps, Pyrenecjs, 
Dauphin6, some parts of Russia, Brazil, and districts in Oude in North-West 
India. A table compiled from Dr McClellan’s workj is very striking : — 


Goitre (md Crefitiism in Kiimaon {Oude). 


Water derived from 

Percentage of Population affected. 

With Goitre. 

With Cretinism. 

Granite and gneiss, 

0-2 

0 

Mica, shit(3, and hornblende, . . 

0 

0 

Clay slate, 

0-54 

0 

Green sandstone, 

0 

0 

Limestone rocks 

33 

30 


There are, however, not wanting analyses of water of goitrous regions 
which show that magnesia may be absent (in Kheims, according to Maiiintm^ ; 
in Auvergne, according to l*(3rtrand ; in Lombardy, according to Demortiiin ; 
while Saint-Lager enumerates other cases), while it .has been also denied that 
there need b« any esicess of lime. M. Saint-Lager, basing his opinion partly 
on these negative inshincas, partly from his own experiments with the soap- 
test, which show no relation between hardness of water and goitre, and partly 
from the negative results of experiments on animds witli calcium sulphate 
and magnesian salts, j denies altogether the connection between goitiv. and 
calcium and magiKJsium sulphates and carbonates. He states also tluit M. 
Grange has now himself given up the belief of magnesia being the essential 
agent of goitre, § and argues that the constituent of the water which is the 
actual cause is either iron pyrites (ferrum sulphide), or more infre<|uently 
copper or some other metallic sulphida And he explains M‘Clcllan’s results 
by the supposition, based on an expression of that writer, that in the limestone 
districts of Kumaon the water had traversed the metalliferous strata of the 
rocks. Saint-Lager does not, as far as I see, support his opinion by actmd 
chemical analyses, but ho brings forward geological evidence on a largo scale, 
to prove that the endemic appearance of goitre coincides with the metelliferous 
districts. He has also made experiments on animals with iron salts, which 
do not appear conclusive, though ho believes he produced in some cases an 
eftect on the thyroid. His hypothesis seems to me to fail from this want of 

* Saint-Lager (op. ciL) cites several strong cases (p, 192 et aeq,). 

T Ann. de Chimie et de Phys., vol. xxiv. p. 364^ 

t Medical Topography of Bengal. I have included the facts on cretinism also, without 
te express any opinion on the relation between goitre and cretinism. 

§ Sur les causes du Cretin, et du Goitre, p. 287, 
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chemical analysis. He has made out a case for inquiry rather than for con-* 
elusion. It seems clear tha* while it may be admitted that imi)ure water is 
the cause of goitre, there ought to he renewed chemical analyses, and it 
>vould not seem difficult to decide such a point hy a properly conducted • 
inquiry. 

In some observations lately made by Dr Ferguson on the goitrous part of 
the llaree Doab district * (a boulder-gnivel subsoil), the water is stated to be 
largely charged with lime. In the jail at Durham, Johnstonf states that 
when the water contained 77 gi’ains per gallon (chiefly of lime and magnesian 
salts), all the prisoners had swellings of the neck ; these disappeared when a 
purer water, containing 1 8 grains in the gallon, was obtained. J 

Goitre may be rapidly produced. Bally noticed that certain waters in 
Switzerland would cause it even in eight or ten d^ys, and cases almost as 
rapid have occurred in other places.§ 


8. BNTOZOA, OR OTHER ANIMALS. 

Whereas the Tmnia solium and the Tmnla modlocanellata^ and many 
entozOc% find their way into the body with the food,|| the two forms of the 
Bothriocephalua latus (T. lata) may ptiss in with the drinking water. H Both 
embryo and eggs (but principally, or perhaps entirely, tlie former) exist in tlie 
river water. The ciliated embryo moves for several days very actively in 
water ; it may then, after a time lose its ciliary covering, and then, not being 
able to move further, perishes ; or it may find its way into the body of some 
animi^ and there develop into the Bothrlocephdlus latus. 

It is most common in the interior of Kussia, Sweden, in i)art of Poland, 
and ill Switzerland. 

JDistoma hepaticum {Fasciola hepaticd).—^TlixQ eggs are developed in water, 
and the emliryos swim al)out and live, so that introduction in this way for 
sheep is probable, and for men is possilfle. 

The Ascaris lumbricoides (Round-worm) appears also sometimes to enter 
the body by the drinking water. At Moulmein, in Biu’lnah, during the wet 
season, and especially at the commencement, both natives and Euro])eans, 
both sexes and all ages, were, during my service thirty years ago, so affected 
by lumbrici that it was almost an epidemic.** The only circumstance 
common to all classes was that the druiking water, drawn chiefly from shallow 
wells, wiis greatly contaminated by the substances washed in by the floods of 
the excessive monsoon which prevails there. Dr Paterson has also noticed 
similar facts in England (Aitken*s “ Practice of Medicine,” 6th edition, i. p. 

Leuckartft has no doubt of the passage of the ascarides* eggs into drinking 


* Sanitary Administration of the Punjab for 1871, Appendix 4, p. 33. 

t Edin. Monthly Journal, May 185.5. ^ . 

:|: In Nottingham tlie people attribute Goitre to hardness of water. Generally it appears 
only with magnesium limestone. 

§ Many instances are reconled in the French Military Medical Journal, Recueil de M^m. de 
M^d^Mil., of the acute goitre pi*oduced in a few days. 

II iJr Oliver's observations in India show that cattle may get tsenia ova from the water ; so 
that men may do the same. (See Aitkeu's Med., 6th ed. vol. i. p. 179.) 

If See es^iecially a paper by Or Knock in the Peterburger Med. Zeitsch. for 1861. An ab. 
sti-act is given m the Lancet, Jan. 26, 1862; and the paper in fuU is printed in Virchow's 
^chiv, bund xxiv. 453. Cobbold, however, doubts the direct entrance in this way, and thinks 
it moi’e probable that fish fonn the host for the ova, which after development in the first, may 
find their way into the bodies of men who eat the fisli. 

** The native treatment is the powder of a fungus ( Wah-mo), derived from the female bamboo, 
ft is most useiul. See paper by the author in the l^ondou Journal of Medicine, 1849. 

ft Die Menschlichen Parasiten, band ii. p. 220. 
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water; and, indeed, they have been actually seen in drinking water by 
Mosler.* * * § But it seems yet doubtful (as all experiments have failed in pro- 
ducing from the drinking water the worms in animals) whether the eggs al(.»ne 
will suffice, and it seems possible that they must pass through somt) other 
host before developing in the human intestine. This is also the opinion of 
Cobbold. Hosier attributed in his case much influence to the laige amount 
of vcgetiible food taken by the persons affected. 

The Dochmiiis duodenalia {Strongylua dtiodeimlia^ Anchyloatomum seu 
Scleroatoma duode^iale) woidd appear from Leuckart’s statement f to be 
introduced by impure water. J 

Filaria Dracunculua (Guinearworm). — The introduction by water of the 
Filaria has long been a favourite opinion. It has been a matter of debate 
whether it is taken into stomach as drink, and thence finds its way (like 
the Trichina, to the muscles) into the subcutaneous cellular tissue, or whether 
it penetrates the skin during bathing or wading in strt;ams. The latter 
opinion seems to bo the most probable in the majority of cases.§ 

Boiling the water before drinking appears to have some preservative effect. || 
It is possible that the Filaria aanguinia hominia of Lewis may also bo 
introduced by drinking water. 

Bilharzia hcematohia, — From the observations of Griesinger, John Harley, H 
and Cobbold, there seems no doubt that the embrj^os of this entozoon live in 
water, and the animal may be thus introduced probably by the luediuni of 
some other animal. Dr Batho doubts, however, this introduction by water, 
since the entozoon occurred in persons using rain water and pure mountain 
stream water. (“Army Med. Eep.” voL xiL p. 504.) 

lAieckea . — Eeference has already been made to the swallowing of small 
IcKJches, which fix on the pharynx, and in the posterior nares. Cleghorn 
(“Diseases of Mmoi'ca,” 1768, p.'38) noticed that coughs, nausea, ajid spit- 
ting of blood were thus caused. In a march of the French near Onin, in 
Algiers, more than 400 men were at one time in hospital from this cause. In 
some cases the i*epeated bleedings from the larynx have simulated hiemoptysis 
and phthisis,sand hare produced anaemia. A leech, once fixed, seldom falls 
off spontaneously. In India no accidents of this kind are on record, yet we 
must assume that they occasionally occur. 

9. LEAD, MERCURY, ARSENIC, COPPER, AND ZINC POISONING. 

It is only necessary to mention the fact of metals passing into the drinking 
water, either by trade refuse being poured into streams, or by the water dis- 
solving the metal as it flows through pipes or over metallic surfaces. (See 
page 15.) 

In 1864 a factory at Basle discharged water containing arsenic into a j)ond, 
from which the ground and adjacent wells were contaminated, and severe 
illness in the persons who drank the well water was produced. (Both and 
Lex, “Milit Gesimdsheitpfl.” p. 41.) 

* Virchow's Archiv, band xviii. p. 249. f Ibid, band ii. p. 455^ 

J The importance of the discovery of Griesinger (Archiv fiir Phys. Ileilk, 1854, p. 555), that 

the so-C4illed widely spi'ead Egyptian chlorosis, is caused by the Dochinius duodmalis, has 
hardly been Sufficiently appreciate. Not only anaemia and liver diseases, bnt symptoms re- 
ferred to dysentery and haemorrhoids, are often also j>roduced. And as similar facts h.ave 
now been observed in Brazil, Arabia, and Madagascar, it seems impossible but that in India 
the formidable affections caused by the Dochmius should not be common. 

§ See Dr Aitken's long and excellent chapter on this disease, in the first volume of his 
Practice of Medicine, 6th edition, p. 139, et. for, a discussion on the water and earth question. 

II Greenhow in Indian Annals, 1856, p. 657. 

IT Med. Chir. Trans., vol. xlvii, p. 65, and vol. lii. p. 379. 
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General Conclusions. 

1. An endemic of diarrhcBa, in a community^ is almost always owing either 
to impure air, impure water, or bad food. If it allects a number of j^ersons 
suddenly, it is probably owing to one of the two last causes, and if it extends 
over many families, almost certainly to water. But as the cause of impurity 
may be transient, it is not always easy to find experimental proof. 

2. Diarrhiea or dysentery, constantly alfectiiig a community, or returning 
periodically at cei'tain times of the year, is far more likely to bo produced by 
bad water than by any other cause. 

3. A very siKlden and localised outbreak, of either tyx)hoid fever or 
cholera, is almost certainly owing to introduction of the poison by water. 

4. The same fact holds good in cases of midarious fever, and, especially if 
the cases are very grave, a possible introduction by^ater should be carefully 
inquired into. 

5. I'he introduction of the ova of certain entozoa by means of water is 
proved in some cases — is j)robable in others. 

6. Although it is not at prescmt possible to assign to every impurity in water 
its exact share in the ])roduction of disease, or to prove the precise influence 
on the public health of water which is not extremely imj)ure, it appears 
certain that the health of a community always iraj)roves when an abundant 
and i)ure water is given ; and, apart from this actu^ evidence, we are entitled 
to conclude, from other considerations, that abundant and good water is a 
XU’imary sanitary necessity. 


SECTION V. 

EXAMINATION OF WATER FORo HYGIENIC PURPOSES.* 

The iinalysis of water for hygienic purposes 1ms for its object to ascertain 
whether the water contains any substances either susjiended or dissolved which 
are likely to be hurtful. There are some substances which we know arc not 
likely to do any harm, such as carbonate of sodium, calcium, arid magnesium 
in small quantities. Others are at once viewed with suspicion as indicating 
an animal origin, and therefore being prob<ably derived from habitations 
or decaying bodies. In other cases substtinces in themselves Imrmless, such tis 
nitrates, nitrites, and ammonia, are suspicious from implying the co-existence 
of, or the j^revious contamination of the water by nitrogenous substances. 
The difficulties in the hygienic examination of water are not inconsiderable, 
A judgment must be generally come to from a collation of all the evidence, 
rather than from the results of one or two tests, f 

Collection. 

Great care must be taken that a fair samplej of the water is collected in per- 
fectly clean glass vessels (not in earthenware jam) — Winchester quarts are 
most convenient — which should be repeatedly washed out with some of the 
water to be examined. The bottle should be stoppered ; a cork should be 

* Dr F. N. Macnamara has prepared for use in India “A Scheme for the Analysis of Potable 
Watere.'’ It is an admirable scheme, and I have made use of some parts of it. 

+ Boxes containing tests and apparatus sufficient to carry out the analyses recommended in 
this book are sold by Messrs !3avory and Moore, New Bond Street, London, and by Messrs 
Gridin k Sons, Garrick Street, Covent Garden. 

X Tlitxs, in taking water from a stream or lake, the bottle ought to be plunged below the 
surface before it is filled. In drawing from a pipe, a portion ou^t to be allowed to run away 
first, to get rid of any impurity in the pipe. In judging of a town supply, samples should 
be obtaineii direct from^ the mams, as yrell as from the houses. 
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avoided, except in great emergency, but if used it should bo c[uite new, well 
sealed, and tied down.* * * § 

Examination. 

For a complete investigation at least a gallon is necessary, but with a litre 
or a coui)lo of pints a pretty good examination can be made. The exainiim- 
tioii ought to be undertaken as soon after collection as possible, say in 48 
hours (Wanklyn). Pending examination it ought to be kcipt in a dark cool 
place. 

It should be commenced by noting the coarser physical characters, sucli as 
the colour, transparency,! smell, and ttiste of the wahjr. 

Tlie mtdl and tade of the water give some indications ; for the smeU the 
water may be warmed, 05 distiUcid, when the odour of fiecal matter is often 
brought out clearly both in the distillate and residue. If the water is put in 
a stoppered bottle, which it Imlf fills, and is exposed to light, and thenojx^ned 
and smelt after a few days, commencing putrefaction, or the fcu'mation of 
butyric acid, or something similar, can sometimes be detected. 'J'iemann re- 
commends that the water shoiild be heated to 110“ or 120“ Fahr. ; if hydrogen 
sulphide be ])r(‘.s(int add a little copper sulphate, which precipitates it and j)er- 
mits any putrid smell to be perceived. 

I'aste is an iincei’tain indication. Any badly ttisting watc*r should be 
rejected, or purified before use. Suspiuuled animal organic matters often givts 
a ])iiculiar histe, so also vegetable matters in shignant watem. Soiik^ growing 
plants, iis lemnia, and pistia, give a bitter taste ; but most growing ])lauts have 
no taste. Perfectly dissolved animal matter is frequently quite tasteless. As 
regards dissolved mineral matters, taste is of little use, and diliers much in 
diird’ent persons. On an average — J 


Sodium chloride is 

tasted when it reaches 7 5 

grains 

per galloji 

Potassium „ 


ff 

20 

ft 

ft 

JVIagiKJsium „ 

71 

77 

50 to 55 

ft 

ft 

Calciiun sulj)hate, 

If 

77 

25 to 30 

ft 

77 

„ carbonate, 

ft 

77 

10 to 12 

ft 

77 

,, nitrate, 

So( 1 i um carbonate. 

ft 

77 

15 to 20 

ft 

77 

ft 

77 

60 to 65 

ft 

77 

Iron, . , 

tf 

77 

•2 

ft 

77 


Iron is thus the only substanco w’^hichcan be tasted in V(uy small (juantities. 
A j)ermanently hard water Ims sometimes a peculiar or slightly saline 
tftste, if the total salts amount to 35 or 40 grains per gallon, and the cahiium 
sulphate amounts to 6 or 8 grains. The taste of good drinking-water is diui 
entirely to the gases dissolved j water nearly free from carbonic acid hardm'ss, 
such Jis distilled water, is not so pleasant as the brisk well carl)onat(:jd watm-s ; 
it may be called flat, but it is difficult to define the kind of taste or absence 
of it.§ 

The conditions of colour and transparency are given below. 

The coarser physical examination gives few indications of value, and if a 
water is reputed good on the evidence of this examination alone, it shouhl lie 
so stated. 

* W. 0. Circular 82, June 1876, directs water to be sent in stoppered glass-bottles. 

+ Gorardin also recommends the lustre to be noted. 

± Dr De Chaumont, Army Medical Report for 1862 (vol. iv. p. 85.5.) 

§ Arguing from the apparent preference many persons have for water containing some saline 
matter, Wankljrn has suggested the addition of sodium chloride to drinking water, to the 
extent of 50 grains per gallon. 
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The further and complete examination of the water may he conveniently 
divided into two parts : thcs3xamination of the suspended, and of the dissolved 
matters. 


Sub-Sbotion L 

Examination op Suspended Matters. 

The suspended matters may be either mineral (sand, clay, chalk, fine films 
of micii, iron peroxide), or dead animal or vegetable matters, or living creatui'es 
(plants and animals), 

• To examine the colour ami detect the presence of Suspended Matters. 

Pour some of the water into a tall white glass vessel placed on white paper 
or plate, and look down it ; a depth of 2 feet is desirable, but a stratum of a 
foot or 18 inclu^s will give valuable information. A similar glass with distilled 
water should be used for comparison. Substances givuig colour and opacity 
to water can be thus detected when merely looking through the water gives no 
indication. Perfectly pm*o water hiis a bluish tint, and several feet of thick- 
ness do not obscure the bottom of the vessel. As water becomes turbid the. 
bottom of tlie vessel is less distinctly seen, or is obscured altogether, by per- 
luips only a few inches of water. The depth obscuring the bottom of the 
vessel slioidd be noted, and the kind of colour; a green colour indic.ates vege- 
table impurity geiuimlly, a yellow or brown colour animal impurity, exciipt 
in p(3at-water. 

Living animals moving through the water, like the water-flea or cyclops, are 
best detected by looking through the water. Any water which is very turbid 
is a suspicious one.* 

To determine the nature of tTie Suspended Matters. 

Susi)ondedsand or clay gives a yellow, or ycllow-w]nt(3 turbidity; vegebible 
humus and peat give a darkish, sewage gives a light browm colour ; l)ut the 
colour or turbidity alone is a v(?ry insufficient bist. Then boil the water, and 
pour it back into the long glass. Sand, chalk, and heavy partichis of the 
kind M ill be dept>sited ; finely suspended sewage and vegebiblo matter is little 
alfiicbxl, unless it be a clialk water, when the deposit of calcium carbonate 
nuiy cany d<nvn the suspen<led matter. When the water is commencing to 
boil, smell it to see if there is any trace of sewage. 

Microscopic Examination.! • 

The examination with the microscope can, however, alone? give accurate in- 
formation of the nature of the suspended matters. Very liigh powers (1000 
or 1 200 diameb>rs) are necessary for a complete examination, though lower 
2 )owers wiU give much information. 

If the mattcir is entirely suspended, a drop of the water must be taken at 
once ; but when it can bo obtained, a little of the sediment is more satisfac- 
t(cy. To get a sediment, the water should be placed in a conical glass, care- 
fully covoi-ed and allowed to stand for a few hours : and the upj)cr part of 

* G^ranUn rewminends that tlie lustre {iclai) should be noted, and considers it an index 
of the presence of oxygen in solution ; a pure, well aerated water h.as a brilliant, sparklin«- or 
adamant! ue lustre, whilst an impure, badly aerated water has a dull or vitreous lustre. 

t t or a good resume of this part of the examination, reference may be made to Professor 
Macdonald’s excellent work, ** A Guide to the Microscopic examination of Drinking-water bv 
J. D. Macdonald, R.N., F.R.S., Deputy Inspector-general of Hospitals and Fleets Professor of 
Naval Hygiene, Army Medical School.* . * 



EXAMINATION OF WATER — MICROSCOPIC, 


63 


the water is then poured away or syphoned off. In special cases, where it is 
important to know the exact condition of the surpencied matters, hefoi-e they 
undergo change by the action of the atmosphere of the room or laboratory 
where they may be kept, tliey may be.^coUected in vacuum tubes, wliich may 
bo sealed, A very small amount of sediment can be thus got at. An 
immense number of dead and living things may be found in water, which it 
would be impossible to enumemte, but which may be conveniently divided 
into two great and several minor headings. 

1. Inanimate Substances. 

{a) Mineral particles are tolerably easily known ; sand lias large angidar 
particles ; clay and marl round smooth globules unaffected by aiiids : chalk 
round often glistening bodies dissolved by acid. 

{b) Vegetable matters: portions of wood, leaves, bits of the veins; 
parenchyma or ducts are easily recognised. Wlien vegetable tissue is more 
decomposed nothing is seen but a dark, opacpie, striicturel(*ss mass. Any 
dark fonnless mass of this kind in water is almost certainly decayed vegetable 
matter. Bits of textile fabrics (cotton, linen) are not uncommon, and are 
important as indicating that the water is contaminated with house nffuse. 
So also the cells of the ])otato, or sj)iral threads of cal)bage and otluir veget- 
ables used by men, are imiDortant as indications of the same kind. 

(c) Animal matters, consisting of bits of wool, hair, remains of animals of 
all kinds, such as wings and higs of insects, spiflers and their webs, portions 
of the skin of water animals or of iisli, &c., are not uncommon. Si'wage 
matters having a darkish brouoi or reddish colour, and often in globular 
masses, and thus distinguishable from tlie Hatter and more spnnid-out veget- 
able^ matter, are sometimes seen. In th(j London water, as supplied twenty- 
five years ago, Htussall recognised these little ochreous ” inasst^s, and found 
that nitric acid brought out a pink tint. He thought them to b(‘ portions of 
mustmlar fibre, tinged with bile. Epithelium (from the/ skin of m(‘.n)* and 
hiirs of animals are not unfroqueiit. The identification of these matters is of 
moment, as indicating the particidar sources of the contamination. Any tiling 
which can be' unequivocally traced to the habittitions of men must always 
cause the water to be regarded *.»dth suspicion, as if one substance from a 
house can find its way in, others may do so. 

2. Living Creatures,^ 

These are often found in the sediment, but sometimes also fioat in the 
wat(jr above tlie sediment. They arc almost innumerable, ami as immature 
fiirms and various stages of ilevclopnient are seen, it is often difficult or 
impossible to name all of tlumi. 

((I) Bacteria, vibriones, or microzymes. Under these terms are meant the 
small points or jointed rods, sometimes moving rapidly sometimes slowly or 
motionless. Distinctions are made betwetm these three by sonu^, wJiile by 
othei’s the three terms are used an synonyms. $ High powers (and preferalily 

* Kpithelium from the skin hreaks down slowly in water ; I detected some in initillered 
Thames water in January 1S60, and on the 31st May some of the same water inx'serve<l in a 
bottle showed (juite distinctly the scales and nuclei. The collection of the^watcr, the sending? 
in a barrel froih Teddiuj^ton to Netley, and tlie soakage in the Avater for five months, had not 
destroyed the epithelium. Eiiithelium from the mouths of cattle is sometimes found. This 
was the case in some water examined at Netley, got from a catch-pit in Parkliiirst Forest. 

+ Numerous plates of the various organisms found in tlie Thames water have been given by 
Hassall. (Microscopic Examination of tlie Water supplied to Loiidou, by A. II. ILissaJI, 
M.D., 1850. Food and its Adulteration, by same author, 1870.) 

t Frequently spoken of as Bacteroids and smaller foniis as Bacteriform puncta. 
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with immersion lenses) are required to see them properly. When they appear 
in water it is necessary, as fLex* * * § has shown, that besides oxygen three con- 
ditions must be present — (1) an organic carbonaceous substance; (2) a 
nitrogenous substance, which need not be organic — ^a nitrate, for example, 
will well nourish bacteria, and is re<luced to nitrite by their growth ; 1(3) a 
phosphixte, which, however, may be in ‘ exceedingly small quantity. The 
bacteria may either originally exist in the water, or be introduced. Burdon- 
Sandei*soji’s cxperiiu^nts; however, are not favoiirtible to the introduction of 
bacteria from the air, though, as noticed under Air^ large numbers of cells 
which seem to belong to the same class can be obtained from the air. It 
appears from Burdon-Sanderson's observations, that the germs (if the term be 
allowed) of bacteria may exist vtt water and be indetcctable by the highest 
microscopic powers, or even by Tyndalls test of the. ejeptric beam. To 
detect these the test by cultivation, or what may hc^^called the microzyme test 
for water, can he employed. Take a little recently jjreparcd ch^ar Pasteur’s 
IhiidjJ boil it, and put one or two C.C. into a test tube previously strongly 
heated to 3.56° Fahr., drop in thrive of four drops of the water, and close the 
mouth of the tube with' cotton wool. If micro/ynies or their germs exist in 
the water, in a few days the liquid becomes milky from countless bacteridia. 

As, however, even distilled water and the 2)urest ice-water contain 
bacteridia, the test cannot he used as an indication of good or bad water, 
( 3 xcei)t in connection with others, and with due regard to tcunpeniiure, which 
has a great effect. All it will show is, that the greater or less rapidity of 
ap 2 )eaTances of oj)alescence will prove that microzymes are more or less 
abundant. 

The i)resent view is, that while it lias not been conclusively shown that 
bacteria or vihrionos are in themselvcjs hurtful (though they are so held by 
som (5 observers), their presence indicates ^he coexistence of certain organic 
siihstamies and i)utrefactioii, and putrefactive substances in water are certainly 
dangerous. 

'The spirillum can also he often detected in water. In addition to 
microzymes the water will always contain various alli(^l 2)rotozoa, which are 
usually ternuKl monads or zooglcea, and which seem to have the same 
signilicaiice as bacterid i a. § v 

(e) Khizopoda, especially amoehie and similar forms, may often be detected 
xvith high 2 )owers. They appear to indicate, like bacteridia, the existence of 
2 »iitr(*fying substances, l)ut this is not ye.t certain. 

(/) Eugleiiic (of dilfereiit sjxecies, such as E. viridis, E. pijrurn, &c.) are 
found ill iiiiiuy waters, especiaUy of ponds and tanks. || Ciliated, free, and 
rai)idly moving infusoria, belonging to several kinds of common protozoa, such 
(US kolpoda, pai’amecium, coleps, stentor, kerona, stylonichia, oxytricha, <fec., 
are also found. The abundance of these bodies indicate, of course, that the 
water contains food for them, and this must be either vegetable or animal 
organic matter, but the mere presence of those infusoria will not show which 

* Centralbmtt, fiir die Med. Wiss., No. 20, 1872, p. 305. 
t Eveiitnally the nitrite disappears, nitrogen being liberated. 

X Pasteur’s fluid is composed of 10 grammes of crystallised sugar ; -5 grammes of ammonium 
tartrate ; *1 of well-burnt ye,a8t ash, and 100 O.C. of distilled water. It should be quite clear. 

It is a capital bi-eeding-ground for microzymes or fungi. 

§ According to Dr Macdonald, “ All amilogy would to indipate that the Zdogliea form of 
Bacterium iermo may be regarded as the primary or normal state of this organism, the sur- 
rounding gelatinous matter being simply the representation of that which foms the indefinite 
form «f Microhalofi, or PabneJla for example.” {op, cit. p. 14). 

II There appears reason to helieve that all or most of the flagellate animalcules are vegetable, 
and the minuter are (such as monas) probably connected with the reproduction of higher forms, 
such as fungi. 
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it is. Hassall noticed*, however, in 1850, that the Thames water below 
Brentford, where it mixed with sewage, swarmed with paimnecia, while 
at Kow, where the water was freer from sewage matters, they had almost 
disappeaited. Subseq[uent observations have not, however, j)roved the relation 
between p.arfimecia and animal matter in the water to be sulficieiitly constant 
to allow the former to be used as a test of the latter. Fixed or slow moving 
infusoria, as the voi-ticellae, are also often seen. 

.{(f) Fmigt — Ih any water which contains nitrogenous matter (of animal 
nature, at any rate), sugar, and a little phosphate, fungi will soon appear, and 
the spores, no doubt, enter from the atmosphere. Spores, spoi’e-cases, and 
delicate mycelium can be seen, and often bacteridia co-exist. If fungi 
found ill water they indicate impurity, anil such water should not be used if 
it can be avoided, or should be purified.* Boiling does not kill the fungi, 
accortling to Heisch ; charcoal filtration does so according to the saane observer, 
though Fraukland has thrown some doubt on this point. Aninuil charcoal 
adds some phosphate to the water, and in this way might aid the growth of 
fungi. According to Warrington ^nd Bischof spongy iron (obtained by 
calcining with charcojd the residue from burnt coiiper pyrites) gives off no 
phos 2 )Katc, and water filtered through it is quite freed from fungi. 

Heischt states that sewage matter in water gives ris(3, when sugar is adilod 
to the water, to a jjoculiar fungus, which he describes as formed of very small, 
perfectly s])hcrical transj^arent cells arranged in grape-like bimdles ; they grow 
rajiidly into inyiielia, and are attended with the sixicial character of 2U‘oducing 
the odour of butyric iicid. The mycelium soon disappears. 

Dr Fi*aiiklaiid doubts whether fungi, which arc readily produced ])y adding 
s^ar to sowagci water, are distinctive oJf sewage, as ai)pareiitly similar ocdls arc 
caused by other animal matters. 

The identification of the sport^ of fungi, and even of the mycelium as seen 
in water, is so extremely difficult tliat it would be at ju'esent rash to afiiiau 
that any fungoid eh^ments ai*o distinctive of fjecal mattc^r. Tlu*. butyric acid 
^mell also is given off by so many impui*e waters that it could lumlly be used 
as a test for faeces, o 

(h) Algai and diatoms are found in almost all running streams, and alg;e are 
also si?(ui ill many well waters? They cannot bo held to indicate any great 
impurity; and to condemn water on account of their j>rosence would b(i really 
to condemn all waters, even rain, in which miiiuto algoid vesicles (protococci) 
are often found. 

The forms of the various coufervm in water are very numen)us; some T)oing 
coloured green, at other times they are quite colourless, round, isolated, or 
clusteRxT yesicles. The immatiu*e forms may not l)e easy of identification. 
The diatoms arc always easily recognised and identified. In many wate.rs the 
living objects in the above five classes comprise all that are seen, Ijut in other 
casas there are animals of a larger kind, 

(^) Ilydrozoa, esj)ecially the fresh water polyps, are common in most still 
waters, and do not indicate any thing hurtful. 

(Z;) Worms, or their eggs and embryos, belonging to the class 8colec id a, 
may occur in water, and ai^e of great importance. The eggs and joints of the 
taiiewoim, the embryos of the Bothriocephali, the eggs of the round and tlnead 
'vvorms, afid perhajis the worme themselves, the Guinea-wolm, and other kinds 


In the cases of malarious fever at Tilbury Fort (Army Med. Reports, vol. xvii. f fungoid 
structui'es were found in the water whose use was coincident with the fever, but were absent 
water, following on whose use the lever ceased. 

T Chemical News, Juno 1870. 

K 
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of Filaria ; the eggs of Dochmiiia duodenalis^ and other distomato, and 
embryos of the Bilharzia, have»all been recognised in water though it laas not 
yet been shown that in all cases they can be thus introduced into the human 
body. Possibly the Filaria mnauinis homims may be taken in drinking 
water, but evidence is wanting, ilie worms th(imselves cannot be overlooked, 
but both the eggs and the free-moving embryos are difficult of identification. 
The greatest care should be used in examining water to detect the ova. In 
India the abundance of minute Filarim has led to the general term of 
“ tank-wonn ” being applied. 

The presence of even common Anguillulie in water shows generally 
an amount of imimrity, and such a water must be n^gardiMl with great 
suspicion. Small leeches also are not uncommon in both still and running 
waters. ^ 

The wheel animalcules are common enough, and cannot be regarded as 
very imi»ortant, though certainly when they exist there must be a good deal 
of food for them, and consequently inqnirity of wak^.r. 

(/) Entomostracii (such as the water hea, Dajjhnia p?ilex, fig. 2 : the Cyclops 
qurulricorms, fig. 3 j the Siday Molnay PolypluimiLSy and othei’s) are veiy 
common in the spJng : they occur in so many good waters that they canmit 
be considei-ed as indiciating any dangerous impurity. It is said that tliey are 
only found near (within one or two feet) of the surfac(i. 



(7n) There are, of course, many other tolerably large animals often found 
in water ; the larvm of the water-gnat {Dytiscus)^ tlie Avater-boatman, or skip- 
jack {Notonecta ylmica), and the pupa form of many insects may be found, but 
they are chieily in pond water. 

So many are the obi(3cts in Avater that the observer Avill b(} often very much 
at a loss, Jii'st, to identify tliem, and secondly, to know Avhat their presence 
implies. The best Avay is first to see what objects appear to be mineral, or 
non-living vegekible substances, and to fix the origin and estimate the quantity 
as far as it con be done. Then to turn to the living creatures and to look 
attenth^ely for bacteridia, ameebuB, fungi, and ovtA, an<l small Avorms and 
leeches. If none of these exist, the Avater cannot he considered dangerous. 
Ciliated infusoria of various kinds, Diatoms, Desinids, and Alg.-e, are chiefly 
important in connection Avith microscopic evidence of decaying vegetable 
matters^ and with chemical tests showing much dissolved oiganic impurity in 
the water. 

The subjoined plates shoAv the prineijm! ohjects found in a deep avsU AA^ater 
(Plato L) ; in a slow running stream (Plate II.) ; in Thames Avater taken in 




. DsBci^ra^b or Fuxn t 

ving drawn wUk ^/Quiiera ladda di (h« 


V 13ie pxee^^Q^ibfi^^ and 

a;ni|^:pr vdgeteb^^ angitis 






X sea ^ 

rkqMiisionp 



;■•,.><: m 

nt of Ml)bim X 435.^ 

'^'^^■^^■■^X'436.: 

V / of l^glei^Tindig, ;X 435i 

■■ ■■■ g • '" •••'■ ' 0[ 

drying yegeteble matter^ X 65. 

j !!^airt pf eobferviEi fili^nt^ 0^ flbccosa showing the varionB 
e6hditiong,of ihe prd^ in the old and new cells, x 435, 

k of Sphagnum or hog-moss, x 108. 

I d^rom^tbphotafm 435. 
m ^inute spores wit^ zoospores } x 435. 
n^iatdt^ hyalinun^ x 435. 
o%eU wi^ diidding protopka^ x 435. 
p Oi^jbdcha^gtia, x 260; r 
q Bodler smalli X 

r JLnguiUi^ fliivk 
« Peranema glohosa, x 108. 
t Stetohlairt of a fi^ 

, « Arth^ 

^ ICinh^ X 780. . 

ic Oiaoill^^ 

K !Boinoeo^ 

y AAkk Meatus, x 

s Minute tmi^g pa^ 


(T4>)^^ I.) 







Description op Plate II, 


SecUment of Ditch Water ^ drawn with the Camera lucida at the distance o/lO incii^s 

from eye-piece to paper, ' 

a Decaying vegetable matter, cellular tissue, x 108. 
h Pleiirosigma forniosum, before div^iding, x 170. 
c Oxytriclia gibba, x 108. 
d Ampliileptus anser, x 170. 
e Eugleiia viridis, x 285. 
f Supposed urceola of some rotifer, x 108. 
g Surirella gemma, x 108. 
h Do do. X 65. 
i Foraminifera, x 65. 
j Ti-achleocerca liiiguifera, x 65. 
h Small Planaria ? ovisacs distended, x 65. 

I Navicula viridis, x 285. 
m Paramecium aurelia, x 170. 

71 Coleps hirsutus, x 285. 

0 Pleuronema crassa, 285, 
p Monui*a dulcis, x 170. 
q Surirella splendida, x 170. 
y Biddulpbia pulchella, x 285. 
s Smirella striatula, x 170. 
t Rotifer, Monolabis conica ? x 108. 
u Aregma, spore cases, x 285. 

V Steiitor ceruleus i do. v, x contracted, x 170. 
w Triuema acinus ? x 170. 

X Pinnularia graiidis, x 170. 
y Gyrosigma angulatum before dividing, x 170. 
e Alyscuui saltans ? x 170. 
aa Synedra ulna, x 170. 
hb Amphiprora alata, x 285. 
cc Gyrosigma Spcncerij, x 285. 
dd Nitzschia sigma, x 170. 
ce Bi achionus angularis, x 170. 

Jf Young Vorticella ? x 170. 
gg Gyrosiguia fasciola, x 285. 
hh Trachelius strictus, x 285. 
a Cocconema Boeckii, x 170. 
jj Confervoid cell t with divided protoplasm, x 285, 
kk Euplotes Charon, x 170. 


(To Binder-- To face Plate IL) 






DbscbSption of Plate III, 

Drawmg of Sediment in Thames Watery taken just above Teddington Lockf in April 
18^. Notice the evidence of impurities from TnmfViss,, epitheUvmi Ufoollen, 
cotton^ and flaac fibres. 

Fig, 1. Colepshirsutus. 

2. Bodo grandiB. 

3. Actinoplirys Eichoniii. 

4. Epithelium (tessellated). 

5. Leucophi^s striata. 

6. AnguiUula fluviatilis. 

7. Paramecium chrysalis^ dividing (? sexual stage). 

8. Vorticella microstoma. 

9. Elerpna, young ? 

10. Vorticella microstoma (stemless). 

11. Paramecium aureKa. 

12. Conferva. 

13V Oocconema lanoeolatum. 

14. Synedra splendens. 

15. G^osigma attenuatum. 

16. Gbmphonema acuminatum. 

17. W'ool fibre, dyed. 

18. Cottpn fibre, dyed. 

19. Conferva floecosa. 

20. Hair, barbed, of ? 

21. Kerona mytilus. 

Siliceous spicule. 

. 23. Dial^ma vulgare. 

24. BHingi (? Torula). 

25. Flax fibre. 

26. Artluodesmus quadiicau 

27. Stylbnicbial histrip, dividing. 

28. Paramecium caudatum. 

29V^W oody fibre, 1 rootlets. 

30. Pollen, 

31. Vegetable tissue and mycelium, with spores. ; 

32. Decaying vegetable matter. 

33. Gomphonema curvatum. 

34. Spores of Fungi (9 Aregma). 

35. Antherozoid of 9 

36. Enpysted spore. 

Decaying vegetable matter and infusoria abundant. 


(To Binder— -To face PlcUe IIL) 






Plt^V 


•. .V 



References. 


a li .u. 

A 


BnM'n l^i^jLbbJ^ celU. {pTHiijiU 
•'Scalfvs of Epfithdiiinv . 


cl. Mona^j lens. 


e.e. A'Jind/iicXJu i.hdniicxdaiiVron CcKcaduia.' 
f \ f’* O^r.yirdiui ijifha .’ . 

7 Vr\*tv.'dl<x Cbr^tlhii'Uj-. ^ 

It- femto in a broads dih€^. 

t l.octtJi-KaJ rt/' a laax^i^- thrrm. 


of' lunens (.I^^Jtien }. 




EXAMINATION OF WATER — CHEMICAL. 67 

1868 above Teddington Lock (Plate IIL); in. water from a spring near 
liailway at Tdbury (Plate IV.) * 

Chemical. Examimition of the SeMment 

The amount of sediment is told by taking two equal quantities of water 
(say i litre), evaporating one quantity to dryness at once, and the other after 
sul^idence and filtration, so that suspended matters are as far as possible 
separated, and then weigliing the two residues. Tlie difieitJiice between the 
two weights gives the amount of the sediment Or a certain amount of water 
may bo allowed to stand until all the sediment has fallen ; the water is poured 
off, and the sediment dried and weighed. If good Swedish filtering paper is 
obtainable, the sediment may be obtained at once ; two. filters should bo 
moistened with dilutenhydrocliloric acid, then wiishcd with distilled watu aiid 
then dried. The amount of ash in one filter should then be deteimined by 
incineration; the sediment should be collected on the other filter, drii?d, 
weighed, and then incinerated. The ash of th(i filter itself bciing known, the 
weight of the ignited sediment is the total weight, less the ash of the filten 
If it be wished to carry the analysis fai-ther, the sediment is incinerated ; 
mineral matter rt'mains, while all animal and vegetable matter, whether 
previously inanimate or living, is destroyed. This matter of such vaiious 
origin is genertiUy stated under the vague terms of orgjinic or volatihi matter, 
but this gives no idea of its origin. Some of this so-called organic matter 
may have been dead; another portion living. The mineral luatteT maybe 
further determined by digesting in weak hy<lrochloric acid by the aid of heat ; 
the undissolved matters are silica and silicate of alumina ; lime, iron, and 
jnagnesia will be dissolved, md Ciin be tested for as hereafter given. 

ISub-Section it. 

Examination of Dissolved Matteiis. 

In all examinations of water, if the sediment is not expressly refcirred to, 
it is to be understood that the examination refers only to the dissolvecl 
mattere. These are gases or ^Kjlids. 

Gases. — Oxygen, nitrogen, carbonic acid, suli)hiir(^dted hydrogen, and 
carburetted hydrogen are the most usual gases, if the thive foimer co-exist, 
as is generally the case, the oxygen is usually in larger relative amount than 
in atmospheric air, as it often reaches 32 per cent. The amounts of oxygen 
and carbonic acid depend so much on varying conditions, sucdi as the amount 
of exposure to the air, the growth or absence of plant life, and tlie presence 
of animals, as to render the proportions, absolute and relative of the gases, so 
variable, that few inferences of hygienic importance can be drawn from tlunr 
determination. A. lessening, however, in the quantity of oxygen ateone j)art 
of its course which a certain water is known to contain, may be useful, as 
l^ointing out tliat organic matter has been in the Avater.* 

Thus Professor Miller found that Thames Avatcr contained the following 
amount or gases in C.C. per litre, in its flow down stream : — 

Kingston. 

Carbonic acid, 30*3 

Oxygen, . 7-4 

Nitrogen, . 15 

* Up to quite recently Gcrardin considered that the degree of oxygen (oxymetrie) was the 
best test of a water's pnrtty. He has lately modified this view oonsklei Ably. 
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l)ut Tiemann says that wanniii^f the Avater to 110° Kalir., Avill enahlc the 
sijicll ti> (li^tect coal-gas, Avlieii clieniical reugeiils fail. (Iciicrjilly there are 
oth(*r iiJixniritirs, especially if it be derived from gas impregnation. In larger 
quantity it so met hues huh Ides up from thoAs^ater of stagnant |Knils, particularly 
if t]i(u*e be jriue-h vegetable matter ; and in the cases ()f some natural springs 
in petroleum districts, can bo Ignited. 

Dissolmd Solids. 

TLr‘. discrepancies Avhicli arc soinetiTiuv? found in tlie consee.ntivc analyses, or 
in analyses by two obseiw<*rs of tlie siinie Avater, proliahjy arista from the didi- 
eulty of always si*parating the suspeiidtul matters. CnnscMpu'iitly two samples, 
a]>|>a 7 ’tuitly similar, may in reality contain variahle quanlities of suspended 
matters Avliieli alVect yie determination (d tJie. solids, inlluence other te.sts. 

'I'o aAoid this source of fallacy, tlie water to be examiiietl, it stMlimeiitons, 
sbniild !)(.* placed in a Avell-stopper(‘d bottle in a daih pI.MM* for L*! oj- 48 lionrs, 
until all sediment has subsldt'd, and tin* clear Avaler should he tlam syplioiusl 
oil*. If tlie sediment is too lin<^ to subside, the Avater must be, liltertHl tliroiigb 
paper (yavvionsly Avell Avashed Avitb Avealc bydrochlorie. a<‘iil, am! then Avitb 
distilled Avatcu', and tluui dri(‘d), bnt if ])Ossible 1iltrati<»n she»nl<l bi‘, aAH)i(l(‘d. 

TJk! (themical (‘xaniiiiatiou of the ilissolve<l malUtrs is divided into the 
qiialitativc and the qiiantitatiA''0- 

Qualitative ExAAtiXATroN OE Dissoia’iu) Solids. 

I1ie Avater may he (dther tit unco tnuib^d, or, in the case of some con- 
stitmmts, it shoidd he concentrated ])y eA’^apomtion. 


Wafer vot Coveeni rated. 


Subs! mice .<iought 
for. 

Iloaj^cnts to be used ajid effects. 

Keinaiks. 

lieaclioii 

latmns and turmeric papers; 
usual red or brown re- 
actions. 

• 

Usually neutral. I facid ami acidity dis- 
ajipears on f)oiling, it is dne to carbonifj 
atdd. ir alkaline anil disappears on 
boil i t) g, to a n 1 III o u ia ( ra re ) . 1 f i x'rrna- 

ncntly alkaline, to sodium carbonate. 

Lime 

Dxalate of ammonium. 

IV bite j)riH.iy»itate. 

Six grains ]icr gallon give turbidity ; 
sixteen grains consideiable |»recipi- 
tatc. 

Chlorine 

Nitrate of silver, and dilute 
nitric acid. 

IVbib; precipitate becoming 
lead tiolour. 

One giain jier gallon givi^s a haze ; four 
grains per gallon give, a marked tur- 
bidity ; ten grains a considerable 
jirecipitaU*. 

Sulpliuric Acid 

Chloride of barium and dilute 
liydrocliloric acid. 

IVliito precipitate. 

One-and-a-lialf grains of sulyihate give 
no precipitate, nnlil after standing; 
tlircc grains give an imnicdiale Itaze, 
and, after a time, a sliglit precipitate, j 

Nitric Acid . 

Brucine solution * and jmre 
siilpburic acid. 

A pink and yellow zone. 

Tlio sulpbiinc acid should be [lOured j 
gently down to form a layer under j 
the niixiMl water and brucine, solu- j 
lion ; lialf a grain of nitric aei<i ]»cr • 
gallon giv»*s a marked pink and yellow j 
zone; or,asreeoTijmended ]>y Nic-bolsou, 

2 C.(k of the water may be evanoi ateil 
to dryness ; a dro[) of juii’c sijqdiiirie. 
acid and a minute crystal of brucine 
be dropped in ; '01 grain p^ir gallon 
CJin be easily detected. 


* Briicincj solution is made bj- dis.solving one graujiiio in 1000 C.p. o! distilled water. 'Ibo 
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Water ngt Concentrated — continued. 


Bcmarks. 


Substance sought 
for. 

Reagents to be used, and effects. 

Nitric Acid. 

Solution of sulphate of iron 
and pure sulphuric acid. 
Olive-coloured zone. 

Solution of pyrogallic acid 
and pure sulphuric acid. 

A pink zone taming purple. 

Nitrous Acid 

Iodide of potassium* and 
starch in solution, and di- 
lute sulphuric acid. 

An immediate blue colour. 

Ammonia 

Ncssler’s solution. 

A yellow colour or a yellow 
brown precipitate. 

Iron 

Bed and yellow prussiates of 
^lotash. 

Blue precipitate. 

Sulphuretted 

Ilydrogen 

A salt of lead. 

Black precipitate. 

Sulphides 

Nitroprusside of sodium. 

A beautiful violet purple 
colour. 

Oxidisable 
matter, in- 
cluding or- 
ganic matter. 

Gold chloride colour vary- 
ing from rose-pink through 
violet to olive ; a dark 
violet to black precipitate. 

Do. 

Permanganate of potassium. 
Bed colour disappears. 

Lead or Cop- 
per. 

Ammonium sulnhide. Dark 
cclour, not cleared up by 
hydrochloric acid. 

Zinc. 

Sulphuretted hydrogen. A 
wliito precipitate. 


Add an equal bulk of pure sulphuric 
acid to the water, and after cooling 
pour in gently the iron solution, so as 
to float above the mixed acid and water. 

Add to the water and sulphuric acid 
(prepared as for the Brucine test) a 
drop or two of the solution of pyro- 
gallic acid (strength about 2J per cent, 
slightly acidulated with sulphuric 
acid.) r 

Add the solution of iodide of potassium 
and starch, and then the acid ; the blue 
colour should be immediate ; make a 
comparative experiment with distilled 
water. 

If in small quantity, several inches in 
depth of water should be looked down 
on a white ground. 

The red for ferrous and the yellow for 
feme salts. 

When the water is heated the smell of 
sulphuretted hydrogen may be per- 
ceptible. 

A black precipitate with lead, but no 
colour with nitroprusside shows that 
the sulphuretted hydrogen is uncom- 
biiied. 

The water, which should be neutral or 
feebly acid, must be boiled for 20 
minutes with the gold chloride. If 
no nitrous acid bo present, the re- 
action may generally be considered 
due to organic matter. 

In the absence of nitrites, the reaction 
indicates or^nic matter; if action 
rapid, probably animal ; if slow, pro- 
bably vegetable. 

Place some water (100 C.C.) in a white 
dish, and stir up with a rod dipped 
in ammonia sulphide ; wait till colour 
produced, then add a drop or two of 
hydrochloric acid. If the colour 
disappears it ii? due to iron ; if not, to 
lead or copper, t 

This test is not available if there be iron 
present, should the water be alkaline. 
It forms, however, in perfectly neu- 
tral waters, but not in acid. 


test may be used in another way : mix a crystal of brucine with a drop of sulphuric acid on a 
watch glaso. and then let a drop of water run down into it 
* Iodide of potassium, 1 part ; starch, 20 parts ; water, flOO parts ; make the starch first and 
filter when cold, and add to the solution of iodide of potassium, 
t Wanklyn. 
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Water Concentrated to ^th (in a porcelain dish,) 


Substance sought 
for. 

lleagents to be used, and effects. 

# — 

Remarks. 

Magnesia 

Oxalate of ammonium to pre- 
cipitate lime, then after 
filtration a few drops of 
phosphate of sodium, of 
chloride of ammonium, 
and of liq. ammonite. A 
crystalline precipitate in 
24 hours. 

A precipitate forms in 24 hours, and is 
the triple phosphate either in the 
shape of prisms or in feathery crystals. 

Phosphoric 

Acid 

Molybdate of ammonium and 
nitric acid. 

A yelkw colour, and on 
standing a precipitate. 

Add the nitric acid, and stir with a 
gloss rod, then add molybdate and 
boil. 

Nitric Acid 

Brucine and iron tests. 

If the nitric acid is in small quantity 
it may not be detected in the uncon- 
centrated water. 

Silicic Acid 

Evaporate to dryness, 
moisten with strong hy- 
drochloric acid ; after 
standing, add boiling dis- 
tilled water ; pour off fluid ; 
dry, ignite ; repeat the 
treatment with hydrochlo- 
ric acid and water ; dry, 
ignite again, and the re- 
sidue is silica, or silicate 
of aluminium. 

The residue may be weighed, and thus 
the silica determined quantitatively. 
A little clay or oxide of iron will be 
sometimes mixed with it. 

Lead or Copper 

As above. 

If quantity be very small. 

Arsenic 

Marsh’s or Reinsch^s tests. 

Water should be rendered alkaline 
with sodium carbonate before con- 
centration, then acidulated with hy- 
di'ochloric acid. 

Zinc 

Evaporate to dryness ; treat 
residue with caustic potash 
or ammonia, filter and test 
filtrate with Adphuretted 
hydrogen ; a white pre- 
cipitate falls. 

This is necessary if the quantity be small, 
or if iron be present. 


Inferences from the Qualitative Tests, 

Sometimes no time can be given for quantitative determinations, and the 
qualitative tests are the only means avaUablo by which the question so con- 
stantly put, whether a water is wholesome, can be in some degree aiiswen^d.* 
If chlorine be present in considerable quantity, it either comes from strata 
’ containing clilonde of sodium or calcium, from impregnation of sea water, or 
from admixture’ of liquid excreta of men and animals. In the first case the 
water is often also alkaline, from sodium carbonate ; there is an absence, or 
nearly so, of oxidised oi^anic matters, as indicated by nitric and nitrou^ acid 
and ammonia, and of organic matter ; there is often much sulphuric acid. If 
it be from calcium chloride, there is a large precipitate with ammonium 
oxalate after boiling. If the chlorine bo from impregnation with sea water, 
it is often in very large quantity ; there is much magnesia, and little evidence 
of oxidised products from organic matters. If from sewage, the chlorine is 
marked, and there is coincident evidence of nitric and nitrou s acid and 

* Kubel and Tiemann rely very gi-eatly on the qualitative testa* 
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ammonia, and sometimes phosphoric acid ; and if the contamination he recent, 
of oxidisable organic matters. A stream fouled hy animals or excreta may 
thus show at different times of the same day different amounts of chlorine, 
and this, in the absence of tain, will indicate contamination. 

Ammonia is almost always present in small quantity, but if it bo in large 
amount, and be xinaccompanied by nitric acid and nitrous acids and chlorine; 
it probably indicates vegetable impregnation, and perhaps a marsh origin. A 
largo quantity of ammonia in water is always suspicious. If nitrates, &c., be 
also present, it is more likely to bo from animal substances, excreta, &c. 
Nitrates and nitrites indicate previously existing animal matters, excreta, re- 
mains of animals, or other animal substances but it has not yet been proved 

that vegetable matters may not furnish nitrates. If nitrites largely exist, it is 
generally supposed that the contamination is recen^ The coincidence of 
easily oxidised oiganic matters, of ammonia, and of chlorine in some quantity, 
would be in favour of an animal origin. If a water gives the test of nitric 
acid, but not nitrous acid, and very little ammonia, either nitrate of 
potassium, sodium, or calcium is present, derived from soil impregnated with 
animal substances at a long anterior date. If nitrites are present at first, and 
after a few days disappear, this arises from continued oxidation into nitrates ; 
if nitrates disappear, it seems probable this is caused by the action of bacteria, 
or other low forms of life. Sometimes in such a case nitrites may bo formed 
from the nitrat(}S. Phosphoric acid, if in any marked quantity, indicates 
origin from j)hosphatic stmta (which is uncommon) or sewage impregnation. 
Lime in large quantity indicates calcium carbonate if boiling removes the 
lime, sulphate or chloride if boiling has little effect. Testing for carbonate of 
lime is important in connection with purification with alum. Sul])huric acid 
in large quantity, with little lime, indicates sulphate of sodium, and usuall5^ 
much chloride and carbonate of sodium are calso present, and on evaporation 
the wiiter is alkaline. If water acts greatly and rapidly on potassic perman- 
ganate, nitrites or sidphurotted hydrogen will probably be fouml ; if not, the 
rapid action is from organic matter, which is decomj)osuig ; probal)ly animal, » 
as vegetable matter acts more slowly. Perrons salts, which also act on per- 
manganate, are uncommon in drinking waters. Large evidence of nitric acid, 
with little evidence from permanganate, indicates old contamination ; if the 
pennanganate gives large indications, and especially if there be nitrous acid 
as well as nitric, the impregnation is recent. 


Tabular View of Inferences to he Drawn from Qualitative Examination, 


Character 
of Water. 

Chlorine. 

Oxtdif^ahlc 
mutter by 
Gold 

Chloride. 

Nitrates. 

Nitrites. 

Ammonia. 

Sulphates. 

Phosphates. 

Eemarks. 

Good . . 



Trace. 

Nil. 

Nil, 

TVace. 

Trace. 

A pure water. 

Usable 

Marked 
to large. 

Slight. 

Trace 
or nil. 

Nil. 

NU. 

Marked. 

Trace or 
nil. 

Probably sea- 
water con 
tamination. 

Suspicious 

Large. 

Marked. 

Trace. 

Trace. 

Trace. 

Marked. 

Marked. 

Probable ani- 
inal con- 
taxuination. 

Bad* . . 

Lai^. 

Laige. • 

Marked. 

Marked. 



Marked. 

Probably sew- 

Suspicious 

Slight. 

Moderate. 

m. \ 

m 

Large. 

Trace. 

Marked. 

age. 

Probably 

vegetable, 

roorsb? 

Usable . 

• 

Marked. 

Slight. 

Marked. 

IVace. 

Trace. 

‘Trace. 

Trace. 

1 

Old animal 
contamina- 
tion. 

-A 


* Dr Franklai^d has considered these substances as the representatives of previous sewage 
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A water contaming any metal (except iron), other than the alkaline and 
earthy metals, is to he condemned. « 

A water containing any gas, other than oxygen, nitrogen, or carhonic acid, is 
to bo considered suspicious, and not to be used without boiling or filtration, 
or botL 

Quantitative Examination op Dissolved Solids. 

The gases dissolved in the water have been already alluded to. Of the 
solids in water, some are mineral, and derived from the mineral constituents 
of the soil, such as lime, magnesia, and part of the chlorine, sul2)huric, 
carbonic, and silicic acids ; others are also inorganic, but are derived from the 
remains of animals or vegetables, by oxidation or solution, or from tlio atmo- 
sphere, as ammonia, nitii; acid, nitrous acid, some of the chlorine, sulphuric, 
and phosphoric acids. Other constituents, derived from numerous sources, 
are vegetable or animal matters, which are usually unstable, and are umler- 
going cUsintegration and oxidation. They may be nitrogenous or not. Tlio 
composition of these substances is doubtless extremely various ; the determina- 
tion of the total quantity is difficult ; the separation of the different kinds from 
each other, at present, impossible. 

ITie methods by which the quantity of this organic matter (to use 
its familiar name) can be expressed have been lately much debated, and evcui 
now there is no general agreement ; * nor, at present, is there any plan by 


contamination." In many cases they are so, but it cannot be held that^they are always so ; 
any nitrogenous substance, quite apart from sewage, may furnish them, so that the phrase has 
been objected to, and is better avoided. 

♦^he followin^f plans have been tried at successive times : — 

1. The estimation by ignition of the dried solids. However useful ignition is as indicating 
the presence of nitrites, nitrates, or organic matter, the results are very uncertain as regards 
quantity, owing to the loss of liygrometric water, the decomposition' of carbonates, and errora 
arising in recarbonating, the loss of nitrites and nitr.ates, and in some cases of chlorine, as well 
aathe destruction of organic matter. Hence ‘‘substances driven off by heat," or “ volatile 
substances," is not an equivalent expression for “ organic matters." 

2. Precipitation by pert^loride or iron, weighing, incinerating, and weighing again. Tlie 
difficulty here is that all the organic matter is not precipitated, and other mineral substances 
may be. 

3. llie determination of the nitrogeil and carbon in the organic substances. This is the 
plan proposed by Dr Frankland, who determines the nitrogen in the ammonia, nitric and 
nitrous acids which may be present, and also that in organic combination, and in this way gets 
at the nitrogen, which must have formed part of the organic matter (“organic nitrogen ”). Tn 
the same way the carbon existing other than in the shape of carbonic acid is determined 
(“ or^nic carbon "). He has proposed a most ingenious and beautiful process, a short account 
of which the medical officer will find in ray Report on Hygiene in the Army Medical Depart- 
ment Blue Book, vol. viii. p. 300. The most recent and ^st account of the whole process is 
contained in Sutton’s Vommetric Analysis, 8d Ed. p. 291. TTiis plan requires so much 
apparatus, time, and skill, as to be quite beyond the reach of medical otficers, and it would also 
appear that in the han^ of even very able chemists it gives contradictor results ; the 

S uantities are in fact so small, and the chances of eiror so repeated, that in its present foim 
lis really beautiful plan seems not adapted for hygienic water analysis. It is also difficult 
to know what construction should be put on the results ; a water containing much noii- 
nltrogenous oi^nic matter may give a very much larger amount of “ oi^anic carbon" than a 
water containing a much smaller amount of nitrogenous matter, and yet be much less hurt- 
ful. 

4. The determination of the nitrogen of the organic matters (as ammonia) by means of 
alkaline permanganate of potassium (“ albuminoid ammonia"), after all ammonia existing lis 
such in the water has been got rid of. This plan, proposed by Wanklyn and Chapman, has 
the merit of simplicity and rapidity. It has wen objected to by Frankland on the ground 
t^t the whole of the nitrogen is not obtained. There is no doubt of this ; but Wanklyn 
affirms that the quantity obtained is constant, and therefore comparison between different 
waters can be instituted. Thudichum and Dupp6, in their work on wine (p. 262), state that 
they find the albjiminoid ammonia process so accurate for albumen in wine, that thpy use 
It in preference to other methods. It must be confessed, I think, that this point has not yet 
be^ probed "to Ihe bottom, and that especially the relation of the “ albuminoid ammonia " 
to disease j|)roduced by the water has not been yet made out. The “albuminoid ammonia " of 
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which dissolved vegetable may be distinguished from animal matter, except 
by reference to the microscopic characters of the sediment, to the source of the 
water, and the coincident inoi^nic substances. 

The quantitative processes which appear, in a hygienic sense, to be most 
useful are as follow : — 

Determination of the following — 

1. The dissolved solids. 

(a) Total. 

(h) Fixed. 

(c) Volatile. 

2. Chlorine. 

3. The hardness, (a) TotaL (h) Fixed, (c) Eemovalde. 

4. Free or saline ammonia and nitrogenous organic matter. 

(a) Free ammonia. 

(h) Albuminoid ammonia. 

5. Oxidisable matter and products of organic oxidation. 

(a) In terms of oxygen required for total oxidisable matter, 

(?>) In terms of oxygen rocj[uired for organic matter only. 

(c) Nitrous acid. 

(d) Nitric acid. 

6. Sulphuric acid, silica, iron, and the alkaline chlorides and carbonates 
may be determined, but are seldom required. 

The statement of results is usually given in this country in gmins per gallon, 
or in parts in 10,000 or 100,000 ; or it may be given in grammes per litre, 
which is the same as parts per 1000, and by shifting the decimal point to the 
right, parts per 10,000, 100,000, or per million are obtained. The smaller 
quantities are conveniently expressed in milligrammes per litre.* 

• 

1. Determination of the Dissolved Solids, 

(a) Total solids. — The remark already made about siispended matters mi^t 
be attended to ; if possible, obtain a clear water by subsidence rather than by 
filtering tlirough paper. The solids are determined by* evapomtion. If very 

pure potable water has been simply taken as a standa^, and the wholesomeness of other waters 
judged of by reference simply to this. But at the present time it appears to me the best 
process we have, and (with some reservation as to the precise inferences to be drawn from it) it 
seems likely to be generally adopted. 

5. Estimation of the organic matter in terms of the oxygen required to oxidise it, the per- 
manpinate of potassium being the oxidising agent. This process has been much used and 
much objected to, and some chemists have now given it up. It gives, certainly, only an 
approximation, requires care, and will only indicate the organic matter capable of oxidation. 
Yet it gives really useful infonnation, as it often adds additional evidence to Wanklyn’s method, 
and gives some indication as to the old or recent origin of nitric acid and is easy of application. 
In spite of the opinion expre8.sed against it by Frankland and others, it appears to me very undesir- 
able to discontinue it ; and in those coses where, from want of apparatus, the distillation necessaiy 
for Wanklyn and Chapman's method cannot be done, it is at present absolutply essential. 
Kubel and Tiemann reject both Frankland’s and Wanklyn's methods as untrustworthy, and 
trust to modifications of the permanganate process. 

* Grammes per litre are convei-t^ into grains per gallon hy multiplying by 70. Milli- 
grammes per litre, if multiplied by *07. are brought into grains per gallon. Grains per gallon 
aft convei*ted into pai-ts per 100,000 by dividing by *7 ; parts per 100,000 are brought into 
grains per gallon by multiplying by '7. 

Equivalents of the French weights — 

Gramme, — 16*43 grains. 

Deci^mme, 1*543 „ 

Centigrammei =» *1543 „ 

- Miiligramne, — *01543 ,, 

Litre, = 1764 pints. 

Cubic Centimetre, »■ 16-9. minims, 

28*4 C.C,, 1 fluid ounce avoir. 
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good scales are availatle, 200 C.C. of the water are sufficient,* if the scales 
are inferior, 500 or 1000 C.C. of the water must be taken j then evaporate to 
dryness with a moderate heat, taking care that the water does not boil, else 
there may be loss from spurting. If the smaller quantity be taken, the whole 
evaporation may be conducted in one vessel (of platinum if possible ) ; but if 
the larger amount must be used, the evaporation should bo commenced in a 
large evaporating dish, and the concentrated water and deposit, if any, trans- 
ferred into a small weighed crucible. The transference demands great care, 
so that none of the solids shall remain encrusted in the evaporating dish. All 
the contents of the large dish being transferred, evaporate to complete dryness 
in an air, water, or steam bath, keeping the heat below 212“ Fahr. "WTien 
the solids appear quite dry, raise the heat (in an air bath) to 260° or 270“, 
and keep it heated for hpif an hour to one hour. Weigh as soon as the 
capsule is cold, as the dried mass may Ho hygrometric. 

Professor Wanklyn advises a very simple form of steam bath. A common 
two gallon tin can is biken, a perforated cork fitted in the mouth, and a 
funnel passed through the perforation; the crucible is placed in the funnel, 
a little roll of paper being placed between the funnel and crucible to let the 
steam pass. Water is boded in the tin camf 

Dr Frankland recommends that the heat shall not be carried above 212“ 
Fahr., while some chemists advise a heat of over 300“. At 212° some water 
may be retained, while at 260“ some organic matter may be dissipated ; but 
as there is really loss of organic matter in some cases below 212“, and not 
much more at 260°, it seems safer to have the heat carried to the latter pointy 
and to be thus sure of perfect dryness. J 

!]^r the same reason (viz., not to cause loss of organic matter or ammoniacal 
salts) it is best not to add any sodium carbonate, unless thei*e be any 
magnesium chloride in the water, When a weighed quantity of pure sodium 
carbonate can bo added. 

If the heat is only carried to 212°, it should be continued for a long time. 

•The dried mass should be now weighed and calculated as grammes per 
litre, or as grains per gallon. 

The determination of the total solids is a most important point, and should 
be very carefully done. It gives^a control over the other quantitative deter- 
minations, and if erroneous may make the other conclusions wrong. 

(b) Fixed solids. Incinerate the dried solids with as low a heat as 
possible ; watcli the process, and note if there bo much blackening, or if any 
fumes can be seen, or any smell be perceived as of burnt horn, A piece of 
filtering paper dipped in solution of potassium iodide and starcli, and then 
dried, or a piece of ozone paper, should be held over the crucible to detect 
any nitrous acid which may be given out. 

(c) Volatile solids. The loss on ignition may bo stated as “ volatile sub- 
stances.” It consists of destructible organic matters, nitrates, nitrites, 
ammoniacal salts, combined water, combined carbonic acid,§ and sometimes 
chlorides. The variableness of the composition of the “ volatile substances ” 
has led to the disuse of the process by ignition as too uncertain. Combined 
with other evidence it gives, however, some useful indications. The incin- 
erated solids* may be examined for silica and iron, as hereafter noted. 

* Wanklyn recommends a ‘'miniature gallon" of 70 C.O.s, which, he says, evaporates in one 
hour. This is too small without a delicate balance. 

+ If the “miniature gallon” be used, Wanklyn recommends an ordinary beaker-glass,, 

± Tiemann recommends 150® to 180° C. equal to 842’ to 864® F. 

§ This may be restored by adding a little solution of ammonium carbonate and then drying 
and driving the excess of ammonia. 
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2. Determination of Chlorine. 

Chlorine may be determined very rapidly by the volumetric method. . 

Make a solution of pure silver nitrate, by dissolving 17 ^ammes (^e-tenth 
of an equivalent) in 1 litre of water. Of this solution 1 C.C. — 3* * * § 65 
milligrammes of chlorine, or 5*85 of sodium chloride.* 

Take 100 C.C. of th(J water to be examined; place it in a white porcelain 
dish ; add enough solution of yellow potassium chromate to make the solution 
just yellow, drop in the silver nitrate from the burette, and stir after each 
addition. The red silver chromate which is first formed \yill disappear as 
long as any chlorine is present. Stop directly the least red tint is permanent. 
Multiply the C.C. used by 10, and then by the co-efficient of chlorinp, or of 
sodium chloride if it be assumed that salt only is present. Neither the solu- 
tion of silver nor the water must be acid ; if the latter is ackl, a little sodium 
carbonate must be added. 

Excimjiile. — In 100 C.C. of water, a few drops of potassium chromate and 
1*5 C.C. of silver solution gave a red colour — 1*5 x 10 x 3*55 = 53. 
milligrammes per litre : 53 x 0*07 = 3*71 grains per gallon. 

This calculation may bo shortly performed by multiplying the actual 
number of C.C. used by 2*48. The result is grains per gallon. t 

If it be reckoned as sodium chloride, the factor should be 4*09. Tkis 
process is very us(}f ul for determining the amount of salt in various articles of 
food and driiiL In water it is extremely so. 

3. Hardness. 

Clarkes very useful soap test offers a ready mode of deteimining tliis in a 
manner quite sufficient for hygienic and economic purposes. { The procisses 
with the soap tost may bo divided into tyro headings. 

I, The dctennination of the aggregate earthy salts, and free carbonic acid, 
as expressed by the term total hardness. The aggregate determination can be 
divided into two kinds of Inirdncss, viz., that which is unaffected and that 
which is affected by boiling, and these are termed the permanent and the 
removable hardness. 

IL Tlio determination of the amount of certain constituents, as the lime, 
magnesia, sulphuric acid, and free caiboific acid. Tliese results are only 
approximative, especially in the case of the magnesia ; but they are very use- 
ful, as they give us enough information for hygienic purposes, and are done 
in a very short time. 

Apparatus required for the Soap Test.% — Burette, divided into tenths of a 
cubic continiQt< 3 r ; measure of 50 C.C. or 100 C.C. ; stoppered bottles of about 
4 ounces capacity. 

Solutions Required. — 1. Standard solution of barium nitrate. The 
strength of tlie standard solution is 0*26 grammes of pure bariimi nitrate to 1 
litre of water; of the concentrated solution, ten times this strength, or 2*6 

* If 4788 grammes of nitrate of silver are taken, instead of 17 grammes, and dissolved in 
1 litre of water, i C.C. will correspond to 1 milligramme of chlorine. This is the strenjrth 
drdered in Dr Macnamara’s sclicme, and recommended by Wankiyn. Sutton proposes a solu- 
tion half the strength and 60 C.C. of water to be used. 

f For greater accuracy a correction for colour may be made, by deducting 0*15 grains per 
gallon from the result as chlorine, or 0*24 as sodium chloride, per gallon. 

+ The soap solution here recommended was suggested by Assistant-Surgeon Nicholson, R. A., 
who has also given a complete system of analysis based on the soap test, Chemical Journal, 
December 1862. Clark’s solution may, however, be used. 

§ MM. Boutron and Boudet, some years ago, made 'some modifications in the soap test 
manipulation, and tbeir plan is now commonly followed in the French army, and is termed 

Hydrotim^trie.” I am indebted to this plan for several adaptations. 
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grammos per litre. In English weights these are 18*2 grains jmjt gallon for 
the standardp^r 18*2 grains to 16 ounces for the concentrated solution; 1 
part of which has to he diluted with 9 parts of water when used.* 

2. Solution of Soap. Dissolve a piece of soft potash soap of the Pharma- 
copieia in equal parts of alcohol and water ; filter and graduate. Or ruh in 
a mortar, emxfiastrum plumbi of the Pharmacopceia with dry potassium 
carbonate, in the proportions of 150 to 40, or 3f to 1 ; lead carbonate 
and potassium oleate are formed; dissolve in rectified spirit, filter and 

graduate, t 

Method of Oraduation . — ^Take 50 C.C. of the standard solution of barium 
nitrate ; put into the shaking bottle, and add to it slowly the soap solution 
from the finely graduated burette, shaking vigorously after each addition, and 
placing the bottle on its siie. "V^en a thin beady lather, permanent for five 
minutes, is equally distributed over the whole surface, the process is complete. 
Keadotfthe amount of soap solution used; if exactly 2*2 C.C. have been 
used, the solution is correct ; if less, the soap solution must be diluted with 
spirit and water. A simple rule will show how much spirit must be added. 

' Suppose 1 *6 C.C. have been used, and that the whole of the unused soap solu- 
tion which has been made measures 210 C.C., then 

As 1*6 : 2*2 : : 210 : a; 

a; - 288*7 C.C. 

The 210 C.C. must then be diluted with spirit and water to 288*7 C.C. The 
solution should then be tested once more to see that it is quite correct. 

To avoid trouble, it is best always to make the soap solution too strong 
at first. 

As the accuracy of all the subsequent processes depends on this graduation, 
it is necessary to take the greatest car€ in the operation. 

In all cases the glasses, burettes, &c., must be perfectly clean ; the least 
quantity of acid, for example, will desti'oy the accuracy of the process. 

Rationale of the Process , — When an alkaline oleate is mixed with pure 
water, a lather is given almost immediately ; but if lime, niagnosia, iron, baryta, 
alumina, or other subsfimees of this kind be present, olciitcjs of these bases are 
formed, and no lather is given untiUthe earthy bases are thrown down. Free 
(but not combined) carbonic acid prevents the lather. The soap combines in 
equivjilent proportions with these biises, so that if the soap solution be graduated, 
by a solution of kno^vn streiigth of any kind, it ^vill be of eipiivalent strength 
for corresponding solutions of other bases. There are, however, one or two 
points which render the method less certain. One of these is, that, in the 
case of magnesia, there is a tendency to form double salts (Playfair and 
Campbell), so that the determination of magnesia is never so accurate as in 
the cases of lime or ba^ta. Ciirbonic acid appears to unite in equivalent pro- 
portions when it is passed through the soap solution ; but if it be difiiised in 
water, and then shaken up with the soap solution, two equivalents of the acid 
unite with one of soap. 

It being clearly understood that the soap test is approximative (though 
really accurate if carefully used), it will be found an extremely convenient * 
plan for medical men, as it demands very little time. 

To avoid the repetition of the term tenth of a centimeter, it will be convenient 
to call each tenth of a centimeter one measure. 


•Solution of calcium chloride, as originally used by Dr dark, is often recommended, but 
the Barium nitrate is more convenient. 

t Redwood and Wood. By this plan a very pure and unalterable soap solution is obtained. 
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• Di 

* C.C. or 1 measi^ Soap solution ) .j calcium.* ' 

equals m milligramines j 

„ „ •! magnesia or ^6 magnesium. 

„ „ *2 anhydrous sulphuric acid SO 3 , or 

•24 SO 4 . 

„ „ *25 calcium carbonate. 

„ „ *34 calcium sulphate. 

„ „ *21 magnesium carbonate. 

„ „ '22 carbonic acid COg, or *3 CO 3 . 

„ „ *115 sodium. 

„ „ *195 potassium. 

5 , „ *177 cliloriiic, 

„ „ *14 iron. t> 

Processes with the Soap Test. 

(a) Determination of the total Hardness of the Water. — ^Take 50 C.C. of 
the filtered water \ put it in a small stoppered bottle, and add the soap solution 
from the burette ; shaking it strongly until a thin uniform beady lather spreads 
over the whole surface without any break. If tlie lather is pennanent for 
fiv(i minutes, the process is complete ; if it breaks before that time, add a drop 
or two more of the solution, and so proceed until a lather be obtained that is 
permanent for five minutes. 

Then read off the numbcir of measures of soap solution used. 

I'rom the total numljer of measures (or tenths of a centimeter) used, deduct 
two, as that amount is necessary to give a lather with 50 C.C. of the purest 
water, and this deduction has to be made in all the j^roccsses. The soap solu- 
tion which has been used indicates the hardness duo to all the ingredients 
which can act on it ; in most drinking waters there are only lime and magnesian 
sal|p, iron, and fi’ee carbonic acid. 

tThe amount of this total hardness is, for convenience, usually expressed in 
this country in the manner proposed by Dr Clark, ?.e., though dependent on 
various causes, it is expressed as equivalent to so much calcium carbonate per 
gallon, and in Clark’s scale 1 grain of calcium carbonate per gallon is called 1 
degree of hardness. Express the total haR^ness, therefore, in degrees of Clark’s 
scale, t 

This is done as follows : — 

Each 0-1 C.C., or in other words, each measure, of our soap solution corres- 
ponds to •25mg. of calcium carbonate. Multiply, therefore, this co-efficient by 
the number of measures of soap solution used, and the result is the hardness 
of 50 C.C. of water expressed as calcium carbonate. Then, as we have acted 
on one-twentieth of a litre, multiply by 20 to give the amount per litre, and 
then by 0*07 to bring the amount to grains per gallon. 

Example. — lather was given with 5*2 C.C., or 52 measures of the soap 
solution. (52 ~ 2 ) x *25 x 20 x 0*07 = 17*5 grains of calcium carbonate per 
gallon. • . 

Hardness expressed as calcium carbonate == 17“ *5 Clark’s scale 

** (viz., 1 “ = 1 grain of CaCoj per gallon). 

* The numbers of the m etuis as well as of the oxides are given, as the custom is becoming 
general of stating the amount of the metals themselves. So also the sulphuric. acid may be 
stated as SO4 (like chlorine) instead of SO, ; this also facilitates a calculation of combinations, 
if this is desired. For the same reason, the corresponding quantities of chlorine and sodium 
are ^veti, for the convenience of calculation. 

+ Hnrrlness is now frequently expressed as parts in 100,000— to convert Clark’s degrees into 
this notation, multiply by 1-43. Conversely degrees per 100,000 may be converted into Clark’s 
degrees, by dividing by 1*43, 
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The same result (viz., grains per gallon) is obtained if the number of 
measures (less 2) is multiplied by *35 ; thus, 52 measures were used 

(52 - 2) X -35 = 17-5. 

If the hardness of the water exceeds 80 measures of the soap solution, 25 
C.C. of water only should be taken, and 25 C.C. of distilled water added. 

The result must then be multiplied by 2. 

(6) T/ie Ptmnanent or In'emovahle Hardness , — Boil a known quantity 
briskly for an hour, and replace the loss by distilled water from time to 
time, allow to cool in the vessel, which should be corked, and determine hard- 
ness in 50 C.C. If distilled water is not procurable, then boil 200 C.C. down 
to 100 j take half the remainder = (100 of unboiled water) and determine 
hardness.* After deducting 2 measures, divide the number of measures by 
2 for the hardness of 50 C.C., and calculate as usual. 

By boiling, all carbonic acid is driven off ; all calcium carbonate, except 
about two grains per gallon, is thrown down ; the calcium sulphate and chloride 
are not affected if the evaporation is > not carried too far; the magnesium 
carbonate at first thrown down ifA^issdlv^ed as the water cools. If iron is 
present, most of it is thi‘own down. 

Example . — Before boiling, 52 measures, and after boiling 23 measures, of 
the soap solution were used. 

(23 - 2) X -25 X 20 X 0*07 = 7*35 

grains of calcium carbonate per gallon. 

(c) Removable Hardness , — The difference between the total and the per- 
manent hardness is the temporary or removable hardness, which in the example 
wc^ild be 17*5 ~ 7*35 = 10d5 grains of calcium carbonate per gallon. 

The amount of permanent hardness is very important, as it chiefly 
represents the most objectionable tarthy salts — ^viz., calcium sulphate and 
chloride, and the magnesian salts. The greater the porrlmnent haniness, the 
worse is the water. The j)crmanent hardness of a good water should not bo 
greater than 3° or 4° of Clark's scale. 

The determination, <!jhen, of 

1. Tlie tohil haniness, 

2. The permanent or frremovable hardness, 

3. The temporary or removable hardness, 

will enable us to speak positively as to the hygienic characters of a water, as 
far as earthy salts are concerned f 


* If there is much fixed hardness this process is hardly available. 

+ Detennination of Cer tain Consiitvxnts hy Soap , — In many cases the analysis must end 
with tlie above processes ; but it may be desirable to carry it farther, and to determine the 
amount of some ingredients ; for exaraijle, lime, magnesia, sulphuric acid, carbonic acid. 

An approximate estimate can be given of several of these ingredients by the soap test, 
which is sufficient for hygienic puiposes ; and any one who has learned to properly determine 
the haniness of a water, will be able to carry on the process into finer details. 

Lime by the Soap —Messrs Boutron and Boudet have i)roposed, after determination of 
total harness, to precipitate the lime by ammonium oxalate, and then to determine the hard- 
ness again. The difference will be owing to lime removed. tThe difficulty here is to^add 
enough, and not too much, of ammonium oxalate, which itself in excess gives hardness. ‘ • 
I have found the best wav to jicrform this process is to have a perfectly concentrated clear 
solution of ammonium oxalate, and to add to 50 C.C. of water 1 drop for every 4 mea8ui*es 
of soap solution used ; then in other bottles, to add respective!;^, 1, 2, and 3 drops more. 
Then determine hardness of aU the bottles, and select the result which gives the least hardness. 
In this way we can hit on the bottle which contains euough, but not too much ammonium 
oxalate. The water need not be filtered, but it should be sdlowed to stand at least for three 
or four hours, or, better still, twenty-four hours, before the hardness is taken. \ i • 

Then multiply the difference between the total hardness and the hardness after the addition 
of the oxalate by the co-efficient for lime; this is *14, as each measure of the soap solution 
is equivalent to ^s amount of lime* 
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Sulphuric Acid by Sdap plait waa proposed by Boutron and 

Boudet, and is briefly as follows hardness of the water being known, 
50 C.C. of the standard barytic solution (‘26 grammes per litre) are added to 
50 C.C. of water, and the mixture is allowed to stand for 24 hours. The hard- 
ness (supposing no SO 4 were present) woidd be exactly equal to the original 
hardness of the water and of the bardic solution combined. But SO 4 being 
present, barium sulphate is precipitated, and there is a loss of hardness. Each 
degree of loss equals *24 of sulphuric aiihydridB (SO 4 ). 

Example, — Original hardness, . . . . . 62 

50 C.C. barytic solution . . . . 22 

— 4. 

84 

After precipitation, . . . ' . 71 ’2 


Difference, 


■24 X 12'8 X 20 X 0'07 = ^ 8 < i ^^ ^^ins per gallon of SO 4 . 


12-8 




Example . — Total hardness, 

After lime precipitated. 


52 

10 


Difference, .... 42 

42 measures x *14 x 20 x 0'07 =-8*232 grains of lime per gallon. 

Or, to save trouble, multiply the number of measures by *196 ; the result is grains per gallon. 
Jf carefully done this result will be near the truth. 

Magtuma hy the Eoap Boutron and Boudet propose to detennine the magnesia by 

boiling the water from which the lime has been thrown down. All usual elements of hard- 
ness, except the magnesia, are thus got rid of. This is by no means so accurate a pocess as 
that of the lime ; the lather is foimed much less perfectly and sharply, and in adaition .>,he 
constitution of the magnesia and soap comjiound is variable. Tlie result must be considered 
as quite approximative, but may sometimes be rendered more accurate by diluting with dis- 
tilled water. 

Take 200 C.C. of water ; add to it the number of drops of solution of ammonium oxalate 
known to be sufficient by the lime experiment ; allow to stand for twentj'-four houre ; filter, 
boil for half an hour, replace loss by distilled water ; allow to cool in the vessel, whicL 
should be well corked, ana determine hardness in 60 C.C. 

As the lime has been thrown down and all iron removed, and cadbonio acid driven off, the 
hardness is owing to magnesian salts of some kind. 

Calculate as magnesia, the co-efficient of which, for each degree of soap solution, is ■!, or, 
as magnesium, the co-cfiicient of which is *06. ^ 

Example. — Hardness, alter [driving off carbonic'acid by boiling and precipitating lime =11. 

(11-2) x'l X 20 X 0*07 = 1*26 grains of magnesia per gallon. 

Or, to save trouble, multiply the number of degrees hy '14 ; the result is grains per gallon. 

Althouj'h this i-esult is approximative, it is really nearer the truth than the determination by 
weighing in the hands of a beginner. 

Free Carbonic Acid by the Soap Test — In order to get rid of the fallacy from free carbonic 
acid acting on the soa]>, Clark recommended that the water should be well shaken in a bottle, 
so as to discngiige some of the CO 3 , and then that the air should be sucked out. But this 
does not entirely remove tlie carbonic acid. 

By the soap test the free carbonic acid can be determined -in the following way : Thipw 
down all the lime carefully by ammonium oxalate, without adding an excess, and determine 
the hardness in 50 C.C. as usual. The hardness will he owing to magnesian salts, iron, if it 
exists (or alumina or baryta in mineral waters), and carbonic acid. If, now, the water, freed 
from lime, bo boiled, and the loss of water replaced by distilled water, the carbonic acid will 
be driven off. Tlie hardne.ss should bo then again determined. Tlie difference between the 
first and second trials will (if no iron «xist in the water) give the amount of soap solution 
which had been previously acted on by the carbonic acid. 

Example.— 1. Total magnesian and carbonic acid hardness, — 12 measures. 

2. Magnesian hardness, . . . . » 7 


Carbonic acid hardness, • . ■» 5 „ 

1 ineasm of soap sol. corresponds to *22 milligrammes carbonic acid. Therefore, 

’22 X 6 X 20 X 0*07 * 1*64 grains per gallon. 

As 2*116 cubic inches weigh one grain, multiply the nnmbef of grains by 2*116 to bring into 
cubic inches per gallon. 

1*64 X 2*116=8*25 cubic inches. 
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Usually this process gives good result^ O^ea^oually, from some cause of 
which I am ignorant, the barium sulphat 0 ;'does not precipitate. This docs not 
depend on the amount of sulphuric acid. The ease with which this process is 
done renders it useful The barytic solution is only strong enough to precipitate 
6-72 grains of sulphuric acid (SO 4 ) per gallon, so that half the water only 
must be taken, or less, if the sulphuric acid be evidently in largo amount.* 

Short factors : for SOj* 0.280, for SO 4 = 0’336. 

Detemiination of the Earthy and Alkaline Carbonates by MoWs Process, 

This is a very elegant process, and may be useful 

Prepare a sbindard solution of sulphuric acid by mixing 4*9 grammes by 
weight of pure sulphuric acid with distilled water, up to one litre ; 2 C.C. 
will saturate 10 milligrallnmes of calcium carbonate. Prepare a solution of 
cochineal, by bruising the dried commercial cochineal and digesting it with 
water, which is gently heated, for a short time. Add a little alcohol and filter. 

Process , — Take 70 C.C. of the water to examine, and add a drop or two of 
the cochineal solution, which gives a carmine red colour. Then run in the 
standard acid solution till the colour becomes yellow or brown-yellow. Eead 
off the number of C.C. used, and multiply by 5. The residt is grains of earthy 
and alkaline carbonates per gallon, stated as calcium carbonate. 

Example , — 70 C.C. of a sample of water, reddened with cochineal, required 
3*9 of standard solution to make it yellow : — then 3*9 x 5 = 19*5 =* grains per 
gallon of earthy and alkaline carbonates as calcium car])onate. If the wster 
be not alkaline to test paper, the result will represent calciiun carbonate only. 


Or, #0 shorten the calculation, multiply the number of degrees of soap solution by *65; the 
result is the amount of cubic inches por gallon. 

5 X ‘65 3*25 cuAc inches per gallon. 

Tf much 11*011 exists in the boiled water, it must be determined and its amount deducted 
one measure of soap solution corresponds to T4 grammes of iron (Fe). 

* DeUnnination of Lime and Magnesia hy W eight. 

It may be desired to determine the lime and magnesia by weight, and the following processes 
can then bo used : — 

Lime by weight , — Take a known quantity of water ; add ammonium oxalate, and then 
ammonia enough to give an ammoniacal smell. Allow precijiitate thoroughly to subside, and 
then wash by decmitatioii, or by throwing the precipitate on a small filter of Sweflish paper, 
the weight of the ash of which is known. Decantation is recommended. If a filter is used, 
wash precipitate on filter ; dry ; scrape precipitate from filter, and nlace in a platinum crucible ; 
bum filter to an ash, by holding it in a strong gas flame, and place it also in the cnicible. 
Heat tlic cmcible to gentle redness for fifteen minutes, moisten with a little water, and test 
with turmeric paper. If no reaction is given, the process is done. If the papier is browned 
(sliowing presence of caustic lime), recarbouate with ammonium carbonate, di’ive off excess of 
ammonia, dry, and weigh. 

The substance weighed is calcium carbonate, multiply by -56, and the result is lime. 

Moh;^s plan might also be U8e<l, viz. precipitation of the lime in an ammoniacal solution 
by standard oxalic acid, and then titration of tlie excess of the latter by peimanganate. 

Magnesia hy weight, — Take the water from which the lime has been thrown down ; evapo- 
rate to a small bulk ; filter if there lie turbidity ; add solution of ammonium chloride and 
ammonia to slight excess ; then add a solution of sodium phosphate ; stir with a glsss rod ; 
set aside for twelve hours ; throw precipitate on a filter, carefully detaching it from the sides 
of the glass ; wash with ammoniacal water ; dry ; incinerate in an intense heat ; weigh, taking 
care to deduct the ash of the filter known by previous experiment. The substance is ma& 
nesium pyrophosphate ; multiply by *36036 to get the amount of ma^esia. 

Snlplmric Add , — Take a known quantity of the water (600 to 1000 C.C.), acidify with 
hydrochloric acid and evaporate, but not so far as to run any risk of throwing down sulphate 
of calcium ; filter ; and then add chloride of barium ; allow to stand, and wash the precipitate 
by decantation ; dry ; weigh ; multiplv precipitate by *34305 to get the amount of sulphuric 
anhydride (SO,) or by *411, if it is wished to calculate it as SO 4 . 

* If the amount of be small, evaporation may be resort^ to, or the gravimetric method 
mentioned above. Wildenstcin’s method also gives good results. See Sutton’s volumetric 
analysis, 3d edition, p. 97 ; also Report on the progress of Hygiene, Army Medical Reports, Vol. 
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Should the latter be already known (through the hardness), the difference, if 
any, will represent sodium carbonate, and may be calculated out as sucL 

4. Determination of Free or Saline Ammonia and NUrogenons 
Organic Matter. 

(a.) Free Ammonia. 

Strictly speaking, ammonia is not derived solely from organic matter, as it 
is found in the atmosphere. Organic matter passing into water is, however, 

. the chief source, and it seems clear that both vegetable and animal substances 
will give rise to ammonia. 

The very delicate test of ammonia discovered by Nessler* was first applied 
to quantitative determinations by the late Professor Miller and Mr Hadow, and 
more recently has been adopted by Dr Frankland, and by Professor Wanklyn 
and Mr Chapman. It is now very largely used in water analysis, and aflfoids 
a method of determining several important constituents. 

Preparation of Nessler^s Solution. — Take 50 grammes of potassium iodide, 
and dissolve in 250 C.C. of distilled water; reserve a small quantity, warm 
the larger part, and add a strong aqueous solution of corrosive sublimate, until 
the precipitate ceases to disappear, then add the reserved solution of iodide so 
as to just dissolve the red precipitate; filter, and add to the filtrate 200 
grammes of solid potash dissolved in boiled water. Dilute to 1 litre, and add 
5 C.C. of a satumted aqueous solution of mercury bichloride. Allow to sub- 
side, decant the clear liquid, and keep it in a dark place. 

Standard Solution of Amimnium Chloride. — Make a solution of ammonium 
chloride by dissolving *0315 grammes in a litre of water ; this is equivalent to 
*01 gramme of ammonia (NH^) in the litre ; in other words, each C.C. will 
represent *01 milligramme of ammonia. 

Instead of weighing *0315 grammes, it is best to make a solution of ten 
times the strength (viz., *315 per litre = *1 milligramme of ISTIIg for 1 C.C.), 
and to dilute it when required by adding nine parts of water to one of the 
liquid. If sulphate of ammonia is used instead of chloride, the amount is 
*3882 grammes per litre for the strong solution (1 C.Ct =* *1 milligramme). 

Pure Distilled Water. — If distilled water is redistilled, and the first portion 
be rejected, the next portion is usually free from ammonia. Or the water 
may be distilled from potassium permanganate. A good plan, suggested by 
Dr J. L. hiotter, is to add phosphoric acid to the water before distilling : this 
fixes the ammonia. Before the test is used, the water should itself be tested 
with Nesslcr’s solution, and it should be also certain that it contains no 
organic matter which can furnish ammonia. It should also be free from COg, 
which interferes with the sharpness of the reaction. 

These solutions being retuly, the following process is gone tlirough 

Place in a retort 250 C.C. of the water to be examined, and 5 C.C. of 
saturated sodium carbonate solution (although Wanklyn says that this, as a 
rule, is not necessary). Attach the retort to a Liebig^s condenser, and distil 
off about 120 C.C. ; carefully measure the amount of distillate; test a little 
with ISTessler's solution in a test-tube ; and, if the colour be not too dark, take 
lOO C.C. of the distillate and put it into a cylindrical glass vessel, placed 
upon a white plate or piece of white paper. Add to it 1 J G.C. of Nessler. 
Put into another similar cylinder as many G.C. of the standard ammonium 
chloride solution as may be thought necessary (practice soon shows the 

*The brown precipitate produced by Ncssler’s solution has the composition NHgj, I, OHo ; 
tnere ** parts of ammonia in 669, so that multiplying the weight of tne precipitate by ‘OSOll 
(viz., ggo) gives the weight of the ammonia. 
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amount), and fill up to 100 C.C. with pure distilled water ; drop in 1 J C.C, 
of Nessler. If the colours correspond the process is finished, and the amount 
of ammonium chloride used is re^ oi£ If the colours are not the same, add 
a little more ammonium chloride so long as no haze shows itself, — if it does, 
then a fresh glass must be taken and another trial made. When the process 
is completed read off the C.C. of ammonium chloride used, allow for the 
portion of distillate not used, multiply by 0-01 and then by 4 : the result is 
milligrammes of free ammonia per litre, or parts per mUlion. 

Example , — From 250 C.C. of water 123 were distilled; 100 C.C. were 
taken for the experiment; 4*5 C.C. of ammonium chloride solution were 

123 

required to give the proper colour; then 4’5 x jqq x O’Ol x 4!=0’2214 

milligrammes of free ammonia per litre. 

Should the colour of the distillate prove too dark, a smaller quantity may 
bo used, and made up to 100 C.C. with distilled water. Wanklyn recom- 
mends distilling only .50 C.C., Nesslerising it, and then adding one-third to 
the result, on the ground that (as he says) three-fourths of the ammonia come 
off in the first 50 C.C. He also says that with smtdlor sized apparatus 100 
C.C. of water gives satisfactory results. (See “ Water Analysis,” 4th edition, 
p. 43). 

The use of permanent coloured solutions, corresponding with known 
amounts of ammonia, has been recommended, and caramel has been triec^ at 
Netley. As yet the results have not been very satisfactory. Captain Abney, 
RE., F.RS., has also suggested a graduated prism, filled with weak solution 
of coffee, for the purpose. 

When a Liobig^s condenser cannot be obtained, a flask may be used instead 
of a retort, and the distillate convej»d to the receiver by a tube of glass (or 
block tin) passing through a vessel of cold water, which must bo renewed 
from time to time. The tube may be bent in any convenient way so as to 
ejfpose it to the cooling water as much as possible. Every part of the 
apparatus must bo scrupulously clean and well waslied with distilled water. 
It is well to wash the retort, flask, and glass tubes with dilute sulphuric acid, 
and then rinse out clean with distijled water. In distilling, the retort should 
be thrust well into the flame, and the distillation carried on rapidly. 

The “ free ” or “ saline ammonia ” represents the ammonia combined with 
carbonic, nitric, or other acids, and also what may be derived from urea, or 
other easily decomposable substances, if they are present. The limit in good 
waters is taken at 0*02 milligrammes per litre; in bad waters it often 
reaches 100 times this and more. (See Wanklyn's “ Water Analysis,” 4th 
edition, p. 34 et. seq,) 

After the distillation of the free ammonia, the residue of the water in the 
retort is to bo used for determining the albuminoid ammonia, to be now 
described. 

(6) Albuminoid Ammonia, 

The object of this process is to get a measure of the nitrogenous organic^ 
matter in water, by breaking it up and converting the nitrogen into ammonia, 
by means of potassium permanganate in presence of an alkali : the ammonia 
can be distill^ off and estimated as above. 

Process, — A solution of permanganate of potassium and potash is prepared, 
by dissolving 8 grammes of permanganate and 200 grammes of solid caustic 
potash in one litre of water, and boiling thoroughly to expel any ammonia 
and destroy any nitrogenous matter. 25 C.C. of this Elution are added to 
the residue in the retort, after the distillation of the free ammonia, and about 
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110 to 120 C.C. distilled olF. It is sometimes convenient to add a little pure 
distilled water to the residue if the first distillation has been carried rather 
far. Wanklyn recommends successive quantities of 50 C.C. to be distilled 
off and testecl until no more ammonia comes over. Determine the amount of 
ammonia, as was done in the case of the free ammonia, and state the results 
in this case as albuminoid ammonia. In this distillation there is sometimes 
a little difficulty caused by “ bumping,” especially in the case of bad waters ; 
to remedy this it has been recommended to use pieces of tobacco pipe or 
charcoal.* It is better, however, to dilute the water if it be a bad one, and 
not to distil too rapidly. 

A good deal of controversy has taken place as to the significance of this 
test, some chemists denying that all the nitrogen is obtained. Wanklyn, 
however, insists that what is obtained is a constant quaiitity, and that ten 
times the ammonia represents fairly accurately the nitrogenous organic matter. 
Although it may not be perfectly accurate, it seems better adapted for 
hygienic purposes than Frankland’s method, which requires appiiratus of a 
complicated and costly chai*acter, besides being liable to wide limits of error. 
With Wanklyn’s process a bad water is not likely to escape detection, — in 
the words of llassall, a bad water will appear bad, and a good water will 
appear good, although the absolute quantities of organic matter cannot bo 
thus determined.” (“ Adulteiations Detected,” 1876, p. 82.) 

The standard limit of albuminoid ammonia in good water is 0-08 
milligrammes per litre, but Wanklyn thinks anything above 0*05 objection- 
able if the free ammonia be large. He classifies waters into three classes,! 
YVL : — Class /., waters of extraordinary organic purity, containing from 0*00 
to 0'05 of albuminoid ammonia, CIclss II. comprehends the general drinkkig- 
waters of this coimtry, giving from 0*Q5 to 0*10 of albuminoid ammonia. 
Such water is safe organically. Ola^s IIL^ the dirty waters, yielding more 
than 0*10 of albuminoid ammonia. This last seems to be rather too sweep- 
ing a statement. Although animal matter is the chief source of calbuminojd 
ammonia, it may be yielded by vegetable as well. Decaying leaves produce 
it (Parkes), also peat (Dearing, Abel, Thorp, Eussell]f. “Much albuminoid 
ammonia (which gener^y comes over slowly), little free ammonia, and almost 
entire absence of chlorides, is indicative of vegetable contamination.” 
(Wanklyn). In the Leek workhouse persons drinking such a water (free 
ammonia 0*02, albuminoid 0*34) suffered from diarrhina. There was only 
0*5 grains of chlorine per gallon. In the water of a pond in Perthshire I 
found: free ammonia 0*36, albuminoid 2*00 milligrammes per litre, and 
chlorine only 0*62 grains per gallon. This had been used for many years 
without any bad effects observed. (F. db C.) 

In well-waters in villages there is often a large amount of albuminoid 
ammonia, j: Wanklyn found in the Thames at Hampton Court 0*28, at 
London Bridge at high tide 0*59. Dr Palmer found the tank water in 
Calcutta to vary according to the time of year and amount of min, the gi-eatest 
impurity being in May and June, the hottest and driest time. I'he tank 
supplying the Bengal Club showed in November 0*38, in May 0*50 and in 
June 0*62. The water of the Hooghly, 16 miles above Calcutta, had in 
December 0*10, in May 0*14, and in June 0*10. 

It has sometimes been suggested to distil off at once the total ammonia by 
the process with permanganate and ]X}tasL Dr Macnamara mentions that 
this was done daily in Cdcutta for a considerable time, and that “ by its use 

* Both must be heated to redness immediately before use. 

t Water Analysis, 4th ed. p. 34. . 

t For example, see my Lectures on State Medicine, p. 73, table xii. [F. de 0.] 
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any faulty action in the filtering beds of the municipal water-works was at 
once detected.” 

5. Oxidisdble Matter in Water. 

The oxidisable matter in water consists of oxidisable organic matter, 
nitrites, ferrous salts, and sulphuretted hydrogen. The last can be easily 
recognised by the smell, and got rid of by gently wanning the water. 
Ferrous salts are rare, if present, they impart a distinct chalybeate taste 
to the water if their amount reaches the fifth of a grain of iron per gallon 
(about 3 milligrammes per litre). Generally their presence may be dis^garded. 
There remain, therefore, the oxidisable organic matter, and nitrous' acid as 
nitrites. For determining these the potassium permanganate is very con- 
venient. ^ 

(a) Total Oxidisable Matter in terms of Oxygen required for its Oxidation , — 
A solution of potassium permanganate is made by dissolving 0*395 grammes 
of the crystiillised salt in one litre of water. In presence of an acid each 
C.C. of this solution is capable of yielding 0*1 milligramme of oxygen. To 
test its accuracy a standard solution of oxalic acid is made by dissolving 
0*7875 grammes of crystallised oxalic acid in one litre of water : 100 C.C. 
acidulated with dilute sulphuric acid, and warmed, should exactly decolorise 
100 C.C. of permanganate solution. 

Proeess.^ — Take a convenient quantity of the water to be examined, say 
*250 C.C. ; add 5 C.C. of dilute sulphuric acid (1 to 10); drop in * the 
})ennangaiiate solution from a burette until a pink colour is established ; warm 
the water up to 140'’ Fahr. (60“ C.), dropping in more permanganate if the 
colour disappears ; when the temperature reaches 1 40“ Fahr. remove the lamp ; 
cofitinue to drop in permanganate until the colour is i)cimanent for about ten 
minutes. Then read off the numlj^r of C.C. used, multiply by 0*1 to get the 
milligrarames of oxygen, and by 4 to get the amount per litre. 

Example. — 250 C.C. of water, with 5 C.C. of dilute sulphuric acid, re- 
f^uired 3*5 C.C. of pennangaiiato to give a permanent colour ;3'5x0*lx4 = l’4 
milligrammes of oxygpn per litre required for total oxidisable matter, f 

It must be remembered that this includes both oiganic matter and nitroun 
acid. Wo must now differentiate those. 

{b) Organic Oxulisahle Matter in terms of Oxygen required for its Oxida- 
tion. — Take 250 C.C. of water to be examined; add 5 C.C. of dilute sulphuric 
acid as above ; boil the water briskly for 20 minutes ; then allow it to cool 
down to 140° Fahr. (60° C.) ; then add the permanganate until a pink colour 
is established for ten minutes. Calculate out the oxygen as above, stating 
the result as milligrarames per litre required for oxidisable organic matter, or, 
shortly, as organic oxygen. 

The rationde of this process is the driving off of the nitrous acid by boiling 
with sulphuric acid. It is ascertained that this can be done without decom- 
position. ^ 

(c) Nitrous Acid. — This can now be determined easily by calculating from 
the difference between the two preceding processes. Each milligramme of 
oxygen represents 2*875 milligrammes of nitrous acid; we must therefore 
multiply the difference by this factor, and the result is nitrous acid in 
milligrammes per litre. 

Pimple. — A. sample of water yielded, (by process (a), 1 *4 milligrammes 
of oxygen per litre ; by process (&), 0*75. Then we have 1 *40 - 0*75 = 0*65 = 

• As recommended by Dr. Woods* late R. A., Journal of the Chem. Society, 1861. 

+ If special accuracj' is required, a correction for colour may be made, by deducting 0*06 
Irom the result stated as milligrammes of oxygen per litre. 
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milligrammes of oxygen required for nitrous acid: 0*65 x 2‘875* 1*87 
mill^rammes per litre of nitrous acid (NOg). 

Hassall* has suggested an improvement on the above process (De 
Chaumont’s), namely, instead of boilmg away the nitrous acid, to distil it 
over and determine it directly in the distillate. Fresenius proposes a some- 
what similar plan, only using acetic acid for the distillation, and then sul- 
phuric acid for the subsequent titration. Paul’sf plan is, to precipitate the 
organic matter with aluminous chloride and sodium carbonate, evaporate 
slowly down, decant, add distilled water, and determine with the permanga- 
nate in the cold. This is a more tedious process, and does not seem to bo 
more accurate. 

One or two precautions are necessary in the permanganate processes. In 
process (a) permanganate must be added to the water from the very commence- 
ment, in order not to lose nitrous acid, which may be driven off as the water 
is being heated. The faintest tinge of colour that can be distinctly seen ought 
to be accepted, povided it remain for ten minutes. Care must be taken to 
add the sulphuric acid in every case at the beginning ; if this is not done a 
broAvn colour is struck which spoils the experiment. Sometimes this colour 
appears, even after acid is added, and is then probably due to excess of organic 
matter ; dilution with distilled water sometimes remedies this. The water 
should bo freed from sediment by subsidence and decantation. The perman- 
ganate acts uix)n the india-rubber tube of the common burette, therefore it is 
well always to run off what has been in contact with it before beginning, or 
to use a burette with a glass stop-cock. 

The i)ermanganate process is the only one (except Frankland’s) that gives 
us any measure of the oxidisable oiganic matter in water, and is, in 
the present state of our knowledge, indispensable, imperfect though its indica- 
tions may be. It is certainly an aid to ffar judgment of the condition of a 
drinking water, being to Frankland’s carbon process something the same as 
the albuminoid ammonia method is to his nitrogen one. ]Monc gives 
us thoroughly trustworthy information, but for the army or navy medical 
officer, or any one not provided with a well appointed laboratory, the perman- 
^nate process, combined with Wanklyn^s, gives as much information as is 
likely to bo got at present, and sufficient for hygienic purposes. It must be 
remembered that the permanganate does not act upon fatty substances, starch, 
urea, hippuric acid, creatin, sugar, or gelatine. 

Action of Permanganate in presence of an Alhali. 

In order to avoid some of the fallacies and inconveniences of the test with 
field, F. Schultzej: has tried the following plan, which has been slightly 
modified by Lex. Five or more- vessels, each containing 60 C.C. of the water 
to be examined, are taken, and to each 2 C.C. of thin milk of lime are added, 
and then 1, 2, 3, 4, 5 C.C. &c., of the permanganate solution (viz., *395 
grammes per litre) are added and left for two hours. . At the end of that timfe 
some of the samples will bo decolorised, others still coloured ; if No. 1 and 
No. 2 are colourless, and No. 3 is colour^, then the amount of permanganate 
destroyed is between 2 and 3 C.C. As in the cold each equivalent of 
I)ermanganate only gives off 3 (not 6 atoms) of oxygen, each C.C. corresponds 
not to •!, but to *06 milligrammes of oxygen.§ It is for this reason that 60 

* Adulterations Detected, 1876, p. 84. 

•f* Watt’s Dictionary of Chemistry Vol, V. p.l0S*2. J Roth and Lex, op. cit. p.91. 

§ With sulphuric acid the following is the reaction r — 

(KMn 04 ) + 3(HaS04> - KsS 04 + 2 (MnS 04 ) ■¥ + 0# 

Without acid the reaction is : 

2(KMnOj) -h HjO « 2(MnOj) + 2(KHO) + Oj. 

I 
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G.C. of water are taken instead of 100, for it is clear that if 1 C.C. of the per* 
manganate solution gives only *06 millignnnmes to 60 C.C., it is the same as 
•1 to 100 C.C. of the water. The calculation of the results is thus easy ; if, 
for example, Nos. 1 and 2 are decolorised, while No. 3 is coloured, the amount 
of oxygen req^uired is between *2 and *3 miUigrammes for 100 C.C., or 2 and 
3 per litre. If 60 C.C. of a water take less than 3 C.C. of the permanganate 
solution to give it a colour permanent for two hours, Lex considers that it is a 
good water as far as this test is concerned ; if 3 and 4 C.C. are required it is 
a medium water, and if the 5 C.C. do not give a colour the water is bad. 

(d) Nitric Acid. — The most convenient process for determining this is 
Wankyln and Chapman’s modification of Schulze’s process, which consists in 
converting the nitrogen acids into ammonia. We require caustic soda 
perfectly free from nitrttes (which can only he got by dissolving metallic 
sodium in pure distilled water, 2 grains to 100 C.C. of distilled water) ; and 
sheet aluminium. 100 C.C. of the water to be examined are mixed with an 
equal bulk of the alkali solution, and a piece of aluminium foil, larger than 
is capable of dissolving, is placed in it and left for several hours. At the end 
of the time the liquid is distilled in a small retort and Nesslerised if the 
ammonia be moderate in amount, or determined by a standard acid solutioup 
if it bo large (Wanklyn). In this process the ammonia that conges over is 
made up of tlie free or saline ammonia present in the water, and tW which 
results from the reduction of both nitric and nitrous acids. We can apply the 
necessary corrections if wo have ascertained the amount of free ammonia and 
of nitrous acid by the other processes. Thus, let us suppose that we have 
found in a sample of water 0*052 of free ammonia, and 1*27 of nitrous acid ; 
dividing the latter number by 2*706 we get the amount of ammonia that 
would result from the nitrous acid alone, — in this case 0*469. If we obtained 
by the alujninium process 3*371 of fbtal ammonia, we should have : 

3*371 - 0*052 - 0*469 * 2*850 ammonia from nitric acid. 

*To convert this into nitric acid we must multiply by 3*706 for HNOg, by 
3*647 for NOg, or by 3*176 for NgOg; so that in the above case we should 
have 10*562 of HNOg, or 10*394 of NOg, or 9*052 of aU in 

milligKimmes per litre. • 

6. The determination of mlplmric cudd has already been referred to (page 
80). 

Irm is seldom required to be determined quantitatively, but it may be done 
by a colorimetric test (as suggested by Wanklyn). EitW the water may be 
tested directly, or, what is better, the incinerated residue of the solids may be 
treated with hydrochloric acid, and made up to 100 C.C. with distilled water. 
A cubic centimeter of solution of ferrocyanide of potassium is added, which 
Avill strike a blue colour. A comparative experiment with a standard solution 
of iron maybe mada (See under Alum in Bread.) This is a better process 
than the permanganate method, which with small quantities of iron gives very 
uncertain results. 

Bilica may be determined from the incinerated residue, by treating it with 
strong nitric or hydrochloric acid, evaporating to dryness, and again treating 
with acid ; distilled water (about 50 C.C.) is then added, and a little heat 
applied till everything soluble is dissolved \ the residue is silica, which may 
be collected on a sm^ filter, ignited and weighed. A number of Indian 
waters contain considerable quantities of silica, either combined or in the sus- 
pended matter.* 

Dr Nicholson, B.A., has noticed that the water at Ka»i{Aee, bofii from the xhrer «td ftwiA 
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- ■ Leady Copper, Aramic, Zinc. — The mere presence of these metals is enough 
to condemn a water, therefore it will seldom be necessary to determine them 
quantitatively. 

Inferences from the Quantitative Tests. 

The conclusions to be drawn from the qualitative tests (page 72) hold good 
for the quantitative, only greater precision is given. It is necessary not to be 
satisfied with a single tost, but to collate the evidence derived from several. 
For example, a largfe quantity of nitric and nitrous acids with much oxidisable 
and nitrogenous organic matter, and much chlorine, show rtjcent sewage 
impregnation ; while a laige amount of nitric acid and little oxidisable organic 
matter show that more or less complete conversion of organic matter has taken 
place. Much albuminoid ammonia and nitric acid,*Vith little free ammonia 
and little chlorine, show, vegetable impregnation ; whilst much albuminoid 
and free ammonia, nitric and nitrous acids, with little chlorine, show 
contamination by gaseous emanations. The determination of the chlorine is 
especially imporbmt, as it is done so rapidly and accurately that it affords 
a good test of tilterations in the water ; and if at every station this quantita- 
tive tost were frequently done, and the qualitative tests were also notcid, 
the entrance of sewage or other impure matters containing chlorine would be 
easily detected, !N ext to the chlorine the var3ring amounts of free ammonia, 
as tested without distillation, where it can be done, would give useful indica- 
tions, with a very little expenditure of time, provided the amount usually 
present in the water was known. The water, not only of streams, but of 
shallow wells, is much influenced in comj)osition by rain, and this has to bo 
taken into account. In all cases the microscopic conditions ought to be cu*e- 
fuUy noted, when poasiblo, and considered in drawing deductions from the 
chemical results. It is of great importance that water should be examintid, 
when it can be done, on the spot where it is obtained. At all events the 
fullest possible information about its source and surroundings should be gQt 
before giving an opinion based on the examination. 

General Statement of the Bemlts of the Water Analysis.* 

t- 

The analysis can be stated in any convenient form, and the quantities given in 
grains per gallon or in milligrammes per litre. 

The following is the Form of Keport at present used at Netlcy : — 

Report on a sample of Lhnnhing-ivater. 

Drawn 187 

from Eeceived 187 

Source 


Physical Characters. 

Colour {through 1 8 inches) Lustra 

Turbidity Taste .. 

Sediment Smell . 


wells, ‘tontains from 2 to 6 grains per gallon of silica derived from micaceous gravel; it is com« 
bined with magnesia, and it renders the soap test inapplicable. 

* For details of further processes reference may be made to Sutton's Volumetric Analysis, 
edition ; Wanklyn's Water Analysis, 4th edition ; or Hassall^s Adulteration Detected, 1876. 
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CBEMIGAL ANALYSIS. 


Qualitative. 

Lime Ammonia 

Magnesia Nitric acid 

Chlorine Nitrous acid 

Sulphuric acid Organic matter 

Phosphoric acid. Iron 

Lead or copper Zinc 

Hardness. Total ) Degrees 

Fixed > of 


Temporary or Kemovable j Clark’s scale. 


Quantitative. # 

Volatile matter [by incineration and after recarbonating] 

^ r Oxygen required for organic matter 

.3 Ammonia, free 

0 ^ Do., albuminoid 

'g Nitric acid 

^ Nitrous acid 

Chlorine 

Sodium (combined with do.) 

Calcium carbonate 

Fixed hard salts (estimated as calcium carbonate) 

^Sulphuric acid 

Alkaline carbonates, &c 

^Silica, Alumina, &c 

Total solids by evaporation 

Microscopic characters and remarJts. 


grains per gallon. 


milli- 
grammes 
per litre. 


^ Examination of Water suspected to he contaminated with the discharges 
from Cholera or Typhoid Patients, or with Marsh Wader. 

The examination of water contaminated with cholera dischaiges is a most 
diflicult process. If choleraic stools are added in some (piantity the water 
becomes distinctly hazy, and in places where cholera prevails anything like 
decided haze should lead to the disuse of the water. If, however, the choleraic 
discharge is in small amount, the transparency of the water may be unchanged, 
and in this case it is certain that no chemical test would detect what miglit 
be a sufficient amount of cholera poison to cause the disease. Fortunately wo 
have a microscopic test of value. Dr C. Macnamaraf has stated that in 
water contaminated with cholera discharges vibriones api)ear with great 
rapidity, and the water is dfingerous during this period of active vibrional 
growth. This observation, made by a careful obserirer, should certainly be 
attended to ; the water should bo carefully examined for vibriones with high 
powers (1000 to 1200 diameters), and if they are present should be at once 
rejected. Pasteur’s fluid may also be used, and would probably become 
turbid in a very shori time, and this might be an additional test. When the 
vibrional stage is replaced by the appearance of ciliated infusoria, the water, 
according to Macnamara, is no longer dangerous. 

In the case of the discharges of enteric fever entering water, the amount of 


* When these constitaents have not been determined in detail, they can be grou];>ed together 
under the head of “ other substances.*' 

. t On Asiatic Cholera, W70, pp. 380 and 897. 
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the discharge is usually large, and the water is rendered perceptibly foul to 
smell and taste ; chemical evidence of sewage (excess of ammonia, chlorine, 
Ijhosphoric acic^ and oxidisable matters) seems to be usually attainable. 
Although no observation has been made on the point, it seems likely that, as 
vibrionos exist in great number in the typhoid stools, they would, as in the 
case of cholera, be found in the water. 

In the case of marsh water, again, there is always abundance of vegetable 
and animal life, and in heating the water the peculiar marshy smell may often 
be perceived. Tiemann notices that phosphoric acid is sometimes found in 
largo quantities in water from marshy meadows. 

SECTION VL 

Sub-Section I. — Search after Water. 

Occasionally a medical officer may be in a position in which he has to search 
for water. Few precise rules can be laid down. 

On a plain, the depth at which water will be found wiU depend on the 
permeability of the soil, and the depth at which hard rock or clay will hold 
up water. The plain should be well surveyed ; and if any part seems below* 
the general level, a well should be sunk, or trials made with Norton’s tube- 
wells. The part most covered with herbage is likely to have the water 
nearest the surface. On a dry sandy plain, morning mists or swarms of 
insects are said sometimes to mark water below. Near the sea, water is 
generally found ; even close to the sea it may bo fresh, if a large body of fresh 
water flowing from higher ground holds back the salt water. But usual^ 
well’s sunks near the sea are brackish ; and it is necessary to sink several, 
passing farther and farther inland, till th^ point is reached where the fresh 
water has the predominance. 

Among the hUls the search for water is easier. The lulls store up water, 
which runs off into plains at their feet. Wells should be sunk at the foot of 
hills, not on a spur, but, if possible, at the lowest point f and if there are any 
indications of a water-course, as near there as possible. In the valleys among 
hills, the junction of two long valleys wfll, esyecially if there is any narrowing, 
generally give water. The outlet of the longest valleys should be chosen, and 
if there is any trace of the junction of two water-courses, the well should be 
sunk at their union. In a long valley with a contraction, water should be 
sought for on the mountain side of the contraction. In digging at the side 
of a valley, the side with the highest hills should be chosen. 

Before commencing to dig, the country should be as carefully looked over 
as time and opportunity permit, mid the dip of the strata made out, if 
possible. A little search \^1 sometimes show which is the direction of fall 
from high grounds or a water-shed. 

If moist ground only is reached, the insertion of a tube, pierced with holes, 
deep in the moist ground, will sometimes cause a good deal of water to be 
collected. Norton’s American tube weU (page 7) gave satisfaction in Abys- 
sinia, although it did not succeed so well in Ashantee. A common pump 
wiU raise the water in it if the depth be not more than 24 or 26 feet ; if 
deeper, a special force pump has to be used. 

Sub-Sbotion IL — Special Considerations on the Supply of Water 

TO Soldiers. 

In barracks and hospitals, and in all usual stations, all that has to be done 
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is to make periodical examinations of the quantity and quality of the water, 
to inspect ihe cisterns, &c., and to consider frequently if in any way wells or 
cisterns can have been contaminated. As far as possible, a record should be 
kept at each station of the normal composition of the water. 

In transport ships, the water and the casks or tanks should always be 
examined before going to sea. Alum, charcoal, and potassium permanganate, 
should be in store. If the water turns out bad, it must not at once be con- 
demned ; by aeration, boiling, charring the casks, throwing alum and charcoal 
into the water, what at first appeared a very unpromising water may be used. 
If it cannot be used, or if the water fails, distillation can always be managed. 
If the water distils over acid, neutralise with carbonate of soda. If there is 
a little taste from organic matter, let it be exposed to the air for two or three 
days. Sea water can b# made potable by filtration through a great depth of 
charcoal if this can be obtained Crease’s tank filters supply an excellent 
means of purifying water in large quantities. 

During marches each soldier carries a water-bottle. He should be taught 
to re-fill it with good water whenever practicable ; a little flannel bag, into 
which charcoal may bo sewn, can be placed at the opening so as to stmin the 
water.* If the water is decidedly bad, it should be boiled with tea, and the 
cold tea drunk. The exhausted leaves, if well boiled in water, will give up a 
little more tannin and colouring matter and will have a good effect ; and if a 
soldier would do this after his evening meal, 
the water would be ready for the next day’s 
march. Alum and charcoal should be used. 

Small charcoal or sandstone filters with elastic 
tu^es (fig. 4.) at the top, which draw water 
through like siphons, or through which water 
can be sucked, are extremely usefW, and are 
now much employed by ofiicers. They have 
been largely used by the French soldiers in 
Algiers. The Austrian soldiers were formerly 
supplied with two boards pierced with holes, 
and with compressed sponges between them, 
and they poiued their water through this. 

They also used sandstone and pumice-stones. 

Soldiers should be taught that there is danger in drinking turbid water, 
as they will often do when they are overcome with thirst. Not only all 
sorts of suspended matters may be gulped down, but even animals. On 
some occasions, the French army in Algiers has suffered from the men 
swallowing small leeches, which brought on dangerous bleeding. The leeches 
which are so small as to look merely like small bite of vegetable matter, 
fixed in the pharynx, the posterior nares, &c., more ta^y in the larynx, caus- 
ing repeated hsemoptysis, epistaxis, or asphyxia. 

If water-carts or water-sacks are used, they should be regularly inspected ; 
every cart should have a straining filte* of pure sand, through which the water 
should pass. The carts and skins should be scrupulously clean. The water- 
carriers, or bheesties, in India should be paraded every morning, and the 
sources of water inquired into. 

When halting ground is reached, it may be necessary to filter the water. A 

* 1 have proposed for adoption into the service a water-bottle with two openings ; the larger 
is provided with a Uaunel bag, into which, if necessary, a little bit of sponge can be placed, and 
thus aU the coarser suspended matter arrested ; a good screw closes inis opening ; the smaller 
IS us^ for drinking, ana is closed by a plug aecuroaby a little chain. (The Italian water-bottle 
has since been officially adopted). 
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common plan is to carry a cask, charred inside, and pierced with small holes 
at the bottom ; it is sunk in a small stream, and the water rises through the 
holes. A better plan still is to have two casks, one inside the other j the 



t Code des Oflficiers de Sant€. ParDidiot. P. 615. 
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and inodorous straw be taken, and chopped fine, and pressed at the bottom 
of a tube pierced with holes ; if possible, charcoal is to be intercalated among 
the straw. Great care must be taken to have the straw pure, and to change 
it often. Other simple plans are given in the drawings, which need little 
description. Figs. 5 and 6 speak for themselves. Fig. 7 is a barrel connected 
by a pipe with a supply above ; the water rises through sand and charcoal, 
and is drawn out above ; the barrel is fixed on a winch, and the supply pipe 
being removed, and the hole closed, a few turns of the handle clear the sand. 
Fig. 8 is a simple contrivance, which may be made 
of wood or tin. Figs. 9 and 10 show Crease’s field 
iilter in use, either as a hand filter (fig. 10) or con- 
nected by an india-rubber tube to a bucket of un- 
fiiltored water placed in ft cart (fig. 9). It acts with 
great rapidity and gives good results. 

In the field, the medical officer may be sent on to 
give a report of the quantity and quality of any 
source. Before the troops arrive he should make 
his arrangements for the different places of supply ; 
men and cattle should be watered at different points ; 
places should be assigned for washing: and if re- 
moval of excreta by water be attempted the excreta 
should flow in far below any possible spring ; in the 
case of a spring, several reservoirs of wood should 
be made, and the water allowed to flow from one 
to another — the highest for men, the second for 
cattle. If it is a running stream, localities should 
be fixed for ’ the special purposg ; that for the 
men’s drinking-water should be highest up the 
stream, for animals below, washing lowest ; sentries should be placed as soon 
gs possible. The distribution of water should bo regulated j streams are soon 
stirred up, made turbid, and the water becomes undrinkable for want, porha])S, 
of simple management. 

Wherever practicable, the reservoirs or cisterns which are made should be 
covered in ; even if it is merely^tho most flimsy covering, it is better than 
nothing. 

In sieges the same general rules must bo attended to. The distribution of 
the water should be under tlxe care of a vigilant medical officer. Advantage 
should be taken of every rainfall ; fresh wells should be dug early ; if necessary, 
distillation of brackish or sea-water must be had recourse to. 



Fig. 10. 
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It might be inferred from the physiological evidence of the paramount import- 
ance of proper aeration of the blood, that the breathing of air rendered impure 
from any cause is hurtful, and that the highest degree of health is only pos- 
sible when to the other conditions is added that of a proper supply of pure 
air. Experience strengthens this inference. Statistical inquiries on mortality 
prove beyond a doubt that of the causes of death which usually are in action, 
impurity of the air is the most important. Individual observations confirm 
this. No one who has paid any attention to the condition of health, and the 
recovery from disease of those persons who fall under his observation, can 
doubt that impurity of the air marvellously affects the first, and influences, 
and sometimes even regulates, the second. The average mortality in this 
country increases tolerably regularly with density of populatioiL Density of 
population usually implies poverty and insufficient food, and unhealthy woijk; 
but its main concomitant condition is impurity of air from overcrowding, 
deficiency of cleanliness, and imperfect rSmoval of excreta, and when this 
condition is removed, a very dense and poor population may be perfectly 
healthy. The same evidence of the effect of pure and impure air on healtl^ 
and mortality is still more strikingly shown by horses ; for in that case the 
question is more simple on account of the absolute similarity in different 
periods or places of food, water, exercise, and treatment. Formerly, in the 
Fi’ench army, the mortality among the hoisesovas enormous, liossignol* states 
that, previous to 1836, the mortality of the French cavalry horses varied from 
180 to 197 per 1000 per annum. The enlargement of the stables, and the 
“ increased quantity of the ration of air,” reduced the loss in the next ten years 
to 68 per 1000. f In the Italian war of 1859, M. Moulin, the chief veterinary 
surgeon, kept 10,000 horses many montlis in barracks open to the extern^ 
air in place of closed stables. Scarcely any horses were sick, and only one 
case of glanders occurred. { 

In the English cavalry (and in English racing stables) the same facts are 
well known. Wilkinson § informs us that the annual mortality of cavalry 
horses (which was formerly great) is now reduced to 20 per 1000, of which 
one-half is from accidents and incurable diseases. Glanders and farcy have 
almost disappeared, and if a case occurs, it is considered evidence of neglect. 

• The food, exercise, and general treatment being the same, this result has 
been obtained by cleanliness, drpiess, and the freest ventilation. The ven- 
tilation is threefold — ground ventilation, for drying the floors ; ceiling ventila- 
tion, for discharge of foul air ; and supply of air beneath the horses’ noses, to 
dilute at once the products of respiration. 

* Traits d'Hy«bne Militaire. Paris, 1857. 

Wilkinson, Journal of the Royal Agricultural Society, No. 50, p. 91, et seq. 

X Larrey, Hygi^^e des Hdp. Mil. 186^ p. 68. § Op 
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In cow>houses and kennels s imi l a r facts are well known 3 disease and health 
are in the direct proportion of foul and pure air. 

The air may affect health by variations in the amount or condition of its 
normal constituents, by differences in physical properties, or by the presence 
of impurities. While the immense effect of impure air cannot be for a moment 
doubted, it is not always easy to assign to each impurity its definite action. 
The inquiry is, in fact, in its infancy ; it is difiicidt, and demands a more 
searching analysis than has been, or perhaps than can be at present, given. 
When impure air does not produce any very striking disease, its injurious 
effects may he overlooked. The evidences of iiyury to health from impure 
air are found in a larger proportion of ill health — /.e., of days lost from sick- 
ness in the year^ — ^than under other circumstances ; an increase in the severity 
of many diseases, which, though not caused, are influenced by impure air; 
and a higher rate of mortality, especially among children, whose delicate 
frarnes always give us the best test of the effect both of food and air. In 
many cases accurate statistical inquiries on a large scale can alone prove what 
may be in reality a serious depreciation of public health. 

The quantity of air necessary for perfect health will be considered in the 
chapter on Ventilation. I shall in the present chapter enumerate the 
impurities, and then the diseases attributable to them. 

It would be occupying unnecessary space to enlarge on the composition of 
pure air. In addition to oxygen and nitrogen, there ai’e the following sub- 
stances : — carbonic acid, watery vapour, organic matter in the form probably 
both of dead and living structures. Perhaps, also, the almost universally 
diffused salts of soda should be reckoned as normal constituents. The 
aijountof oxygen is about 20*96 in the usual air, 20*98 in the pure mountain 
air, while in the air of towns, it may fall to 20*90 or 20*87 (A. Smith, “Air 
and Kain,” pp. 35, et seq.). The iflibjectof ozone is treated in the chapter on 
climate. 

The amount of watery vapour varies in different countries greatly, from 
^out 40 per cent, of saturation to perfect saturation ; or, according to tempera- 
ture, from 1 to 11 , Graven 12 grains in a cubic foot of air, if that expression 
may be admitted. The best amount for health has not been determined, but 
it has been supposed it should foe from 65 to 75 per cent. ; but in many 
healthy climates it is much moi'e than this. 

The amount of carbonic acid in normal air ranges from *2 to *5 per thousand 
(or from 2 to 5 volumes in 10,000) ; it increastis slightly up to 11,000 feet of 
elevation, then decreases ; it is slightly augmented under certain circumstances ; 
as in sea air by day, though not at night ; the difference being between *54 
to *33 per thousand (Lewy). During the Arctic Expedition of 1875, Dr E. 
L^oss, of the “Alert,” found it to range from 0*483 to 0*641 per thousand; 
m^n, 0*552* in K Lat. 82*^ 27'. 

The normal amount of organic matter is not known, if indeed it is not to 
be considered as an impurity. 


SECTION L 
IMPUEITIES IN AIE. 

A vast number of substances, vapours, gases, or solid particles, continually 

pass into the atmosphere. Many of these substances can be detected neither 

- ■ • 

* Dr B. Ninnis of the “Discovery,** fonnd nmch higher amounts, but the conditions may not 
have been quite the same, or some accidental error may have occurred. (See ^port of tlie 

Ck>mmittee on Outbreak of Scurvy, 1877.) 
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by smell nor taste, and ^ inhaled without any knowledge on the part of 
those who breathe them. Others are smelt or tasted at first ; but in a short 
time, if the substance remains in the atmosphere, the nerves lose their delicacy ; 
so that, in many cases, no warning, and in other instances, slight warning 
only, is given by the senses of these atmospheric impurities. 

As if to comj)ensate for this, a wonderful series of processes goes on in the 
atmosphere, or on the earth, which keeps the air in a state of purity. 

Gases diffuse, and are carried away by winds, and thus become so diluted 
as to be innocuous j or are decomposed if compound, or are washed down by 
rain ; solid substances lifted into the air by winds, or by the ascensional force 
of elvaporation, fall by their own weight ; or if organic, are oxidised into 
simple compounds, such as water, carbonic acid, nitric acid, and ammonia ; 
or dry and break up into impalpable particles, whiah are washed down by 
rain. Diffusion, dilution })y winds, oxidation, and the fall of rain, are the 
great purifiers; and in addition, there is the wonderful laboratory of the 
vegetiible world, which keeps tho^ carbonic acid of the atmosphere within 
certain limits. If it wen^ not for these counterbalancing agencies, the atmo- 
spheixj would soon become too impure for the human race. As it is, it is 
wonderful how soon the immense impurity, which daily passes into the air, 
is removed, except when the perverse ingenuity of man opposes some obstacle, 
or makes too great a demand even upon the purifying powers of Nature. 

The air passing into the lungs in the necessary and automatic process of 
respiration, is drawn successively through the mouth and nose, the fauces, 
and the air tubes. It may consist, according to circumstances, of matters 
perfectly gaseous (as in pure air), or of a mixture of gases and solid i>articlcs, 
mineral or organic, which have passed into the atmosphere. 

The tndy gaseous substances will doubtless enter the passages of the lungs, 
and will meet there with that wonderf&l surface, covered with the most 
delicate tufts of blood-vessels, unsliieldod even, it is supposed by some, by 
epithelium, which stand up on the surface of 5,000,000 or 6,000,000 air-cells, 
and tlirougli which the blood flows with great velocity ; there they will bo 
absorbed, and j,f, as has been calculated, the surface of f>he air-cells is as much 
as from 10 to 20 square feet (and some have placed these figures much higher), 
we can well understand the ease and ' rapidity with which gaseous substances 
will enter the blood. 

The solid particlfes or molecules entering with the air, may lodge in the 
mouth or nose, or may pass 'into tho lungs,* and there decompose, if of 
destructible nature ; or may dissolve or* break down if of mineral formation ; 
or may remain as sources of irritation until dislodged ; or perhaps become 
covered over with epithelium, like the particles of carbon in the miner’s lung, 
or may pass into epithelium and enter the body through the lymphatics. 

If such particles lodge in the mouth or nose they may be swallowed, and. 


* Tlie evidence of miners* phthisis ” proves this ; but in addition, Professor Zenker has 
published cases in which snuff and different coloured ^wders have been found in the lungs of 
workmen employed in workshops in whlcli such particles have been mixed with air. Dr Knauft* 
fVirchow’s Archill^ bantj 3J0, p. 442) confined animals in a box into which the particles of a sooty 
lamp passed ; theTauim^ were well fed and were healthy ; the charcoal passed into the lungs, 
and was got rid of by expectoration in the form of pigment-cells. When Knauff inhaled par- 
ticles of ultramarine for only ten minutes, and examined his sputa, he found cells with blue 
particles in their interioiv In a cat charc<^' particles penetrate in three days from the lungs 
into the lyinphatic glands and to the pleura; 

Dr Oreenhow (iVans. Pathol. Society, 1868-69) has also pointed out how easily small 
floatiifg particles enter the air-cells, and encroach on the alveob, and pass into the interior of 
epithelium. Viilaret confined rabbits in a smoky atmosphere and proved the existence 
pf iUie^particles of carbon in the bronchi. Franke (Deutsche Klinik, 1860, No. 49) found par- 
ticles oi charcoal in the lungs in a man employed in loading charcoal 
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pass into the alimentary canal, and it is even more probable that this should 
be the case with all except the lightest and most toely divided substances, 
than that they should pass into the lungs. Although incapable of present 
proof, there is some reason to think that some of the specific poisons, which 
float about in an impure atmosphere, such as those which arise from the 
typhoid or cholera evacuations, may produce their first effects, not on the 
lungs or blood, but on the alimentary mucous membrane, with which they 
. W brought into contact when swallowed. 

^ Sub-Sbotion L — ^Suspended Matters. 

Nature of Suspended Substances . — An immense number of substances, 
organic and inorganic, may be suspended in the atmosphere. From soil the 
winds lift silica, finely powdered silicate of alumina, carbonate and phosphate 
of cfilcium, and peroxide of iron. Volcanoes throw up fine particles of carbon, 
sand, and dried mud, which passing into the higher regions, may be carried 
over hundretls of miles. 

The animal kingdom is represented by the debris of tlie perished creatures 
who have lived in the atmosphere, and also it w^ould api)ear that the ascen- 
sional force of evaporation will lift even animals of some magnitude from the 
surface of marsh water. The germs, also, of Vibrionos^ Bacteria, and Monads 
• (if we may call these animals), are largely present, and small eggs of ‘ various 
kinds. ^ 

From the vegetable world pass up seeds and debris of vegetation ; i^ollen, 
spores of fungi, mycoderms, mucedines, wliich may grow in the atmosphere, 
and innumerable volatile substances or odours. 

•From the sea the wind lifts spray, and tlie chloride of sodium becoming 
dried is so diffused through the atmosphere, that it is difficult, on spectrum 
analysis, to find a spectrum without the yellow line of sOda. 

The works and habitations of man, however, furnish matters i)robably of 
much greater importance in a hygienic point of vi(3W. 

It is not easy at present to give a complete euumcjration of all the sub- 
stances, but the following are the chief facts, divided under the headings of 
suspended* substances in the external air j; in rooms inhabited by healthy 
persons in rooms inhabited by 8ick persons ; in workshoj^s and factories. 

Suspended Substances in Eo^ternal Air. 

1. Dust and sand showers. In differenf parts of Europe there occur from 
time to time showers of dust and sand. Ehrenberg* gives the microscopic 
examination of seventy showers ; in addition to particles sand and oxide 
of iron there were numerous organic forms, \vhich are chissed by Ehrenberg 
under the headings of polygastrica (194 forms), phytdlitharuc (145 forms), 
polythalmia, &c. Iii addition there were portions of plants and fragments of 
. insects. In a dust stonn of February 1872, in Sicily, Silvestri f found four 
species of diatoms and living infusoria. These sand-storms are sometimes 
called monsoon showers, but it would appear that any violent storm of a 
cyclonic character may lift the dust from sandy wastes, as fjpm the Africj^n 
deserts, and transport it great distances. * 

. It reniains yet uncertain whether all dust-storms are entirely of telluric 
origin ; it has been supposed that some liiay be derived ifbm meteoric showers, 

• Ehrenberg’s latest work was published in 1871. Uebcrsicht der, seit 1847, fortg^setsteri 
Untersuchunsren iiber das von der Atmosphore unsichtbar geti’axene reiche organisclie Lebjen* . 
Berlin, 1871. * ■ 't 

. ! + Comptes Rendus, 1872, avid, p. 991* 
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t.e,y may enter our atmospliere from the realms of space, and there has been 
some speculation as to whether morpholithes of peculiar nature may not be 
contained in such meteoric dust showers. But the point at present has not 
been cleared up. 

There seems no doubt that atmospheric dust may travel to groat distances ; 
the air of Berlin has evidently contained organisms derived from the African 
deserts, and the sails of ships 600 or 800 miles from Africa are often quite 
red with the sand which lodges on them. 

2. Independent of these sand-storms there are numerous living creatures in 
the atmosphere : some lifted from the ground by winds, others growing in the 
air. Ehrenberg lias discovered at least 200 forms — ^rhizopods, tardigrades, and 
anguilluhe. These can be dried, and will then retain their vitality fo;: 
months, and even yeai-s. c. 

When the extermil air is examined, either by means of an aeroscope of some 
kind, or by drawing it through previously heated glass tubes, surrounded by 
a freezing mixture, many of these organisms can be found. Tlieir number 
cannot be directly estimated at present. Indirectly A. Smith has endeavoured 
to calculate the amount* from the ammonia in the air which appears to be 
derived from organic matter, and has supposed that there might be 529,560 
germs (= *0056 ^in) in one cubic foot of the air of a city. But indirect 
calculations of this kind are of course doubtful. The following are the most 
important kinds : — 

(a) Extremely small round and oval cells, sometimes growing together, or 
more probably cleaving, and then presenting an appearance like the figure of 
8. The cells, described by Lemaire,t Trautman,t Bi'^champ, and others, are 
exceedingly minute, and it requires a power of 600 to 1000 diameters to ^ee 
them properly. Trautman state that they grow faster when sulphuretted 
hydrogen is in the air, and are checked by carbolic acid. Lemaire found them 
in immense quantities in the air of dirty prison cells, and in the sweat of the 
prisoners ; they will occur, however, in the open air. They are supposed to 
increase rapidly by cleavage, but their future development, if any, has not 
been traced ; no effect on the body has been proved to^be produced by them. 
To these bodies the term microzymes should perhaps be restricted. 

To the same class, perhaps, as those round and oval cells; the bacteria and 
monads, which have been described as gathered from the air, must be assigned ; 
the development of those colls into moving vihriones and rod-like bacteria, 
though asserted, has not yet been definitely proved, and indeed Burdon- 
Sandcrson's observations rather throw doubt on the statement that true 
bacteria exist in the air. Dr D. D. Cunningliam§ found that Bacteria are 
rarely present (that is, recognisable,) in dry atmospheric dust, but they were 
occasionally found, as well as a specimen of green spirillum. But in the de- 
posit from the moist air of sewers distinct Bacteria were frequently observed. 

(b) Spores of fungi are not infrequent ; in the open air they occur most 
commonly in the summer (July and August ||) ; they are not in this country 
more frequent with one wind than another; the l^est number found by 
Maddox in ten hours was 250 spores ; on some days not a spore can be found. 
Maddox leaves undetermined the kind of fungus which the spores developed 
under cultivation ; the spores were pale or olive-coloured and oval, probably 
■from some form of smut Angus Smith found in water through which the 


* Air and Rain. K 604. 

f Ccenptes Hendus de TAcad., Oct. 1867, b. 687. 

i Die Zersetzungsgase ale Uraache zur Weiter-verbreitung der Cholera, 1869. 

Maddox, Monthly Journal of the Microscopical Society, June 1870, February 1871, 
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1. Ragm^tofPine-wGod. 

1'. Epidermis of Hay, with Fungus attached. 

2; Linen fibres. N.B. The thick fibres crossing in lower third of pkte. 
: 3. I^ith^um (nucleated) from the 
4. Ho. detached the skin. 

6. Cotton fibre, 
fi'. Feather, or Down. 

Ow Charred vegetable particles, and mineral matter. 


DEScjfiPTiON OF Plate VL 
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Fig. 1'. Epidemiw of Hay, with Fungus attached. 

2. Linen filye. 

S'. Fungiw mament N.B. Long narrow filament in upper left of plate. 

3. Nucleated Epithehum from the mouth. 

3a, Pus cells, • 

4. Worn Epithelium from the skin. 

4a.Charred vegetable particles. 4d. Fungus spoies. 

6. Cotton fibre. 

6. Woollen fibre. 

7. Fragments of Insects. 

8. Pine Pollen. 

9. Dried-up Palmellaceous Frond. 

10. CSliafed spore, probably of 
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air of Manchester was drawn innumerahle spores. IVIr Dancer has calculated 
4ihat in a single drop of the water 250,000 fungoid spores as well as mycelium 
were presinit, hut as the water was not examined for some time there may 
have been growtL Mycelium of fungus seems uncommon in the air, but is 
sometimes found. The cells of the Protocoecus plumalis are not uncommon, 
and perliaps of other algje. On the whole, the experiments of Maddox show 
that in his locality (near Southampton), it is incorrect to speak of the air 
being loaded with fungoid spores j they can bo found, but are not very numer- 
ous. Blackley (‘‘Experimental Eesearches on the Causes and Nature of 
Catarrhus Aestivus,” 1873,) says the amount of spores collected on a slide in 
four hours amounted to 30,000 or 40,000 per square inch. Dr D. I). 
Cunningham'^ says that in the air in the suburbs of Calcutta, spores are con- 
stantly present, and ufhally in considerable numbers. He gives a large 
number of beautiful drawings. 

(c) Parts of flowers, especially pollen, f in the spring and summer are very 
common, cuticular scales, vegetable fibres and hairs, seed cajisulejs, globular 
cells, <fec4 Near habitations are also found bits of wood often withered or 
burnt, bits of charcoal, starch grains, cotton and wool fibres, (fee. All these 
substances appi* * * § ar from Watson's experiments to bo more abundant in land 
than sea air, iis might, indeed, be expected. 

{(1) Animals, or portions, such as scales from the wings of moths and 
butt(irfiiea ; portions of the wings of insects ; legs of spiders, bits of spidtirs’ 
webs, and similar objects, are not uncommon ; but sometimes even living 
animals are found of scune size, apparently rhizoi)ods and anifebiform bodies. 

(c) Mineral substances, fine particles of sand, clay, and chtilk are generally 
fotind, oven when there is no dust-storm, and ai*e niucli more common when 
the ground is dry ; rain, indeed, ijppears not only to prevent these particles 
from being lifted, but also to precipitate those in the an*. 

In manufacturing districts, or near a railway, there may bo even largo 
particles of metals, or pottery clay, or stone in tlie extermd air ; in the dust 
collected from a railway carriage near Birmingham, Mr Sidebothamg found 
many large particles of iron capable of attraction by a magnet, and being, in 
fact, fused i)article8 of iron often covered with spikes and excrescences. 

In towns with macadamised wads, dust and remains of hors(i droppings, 
finely powdered by the traffic, pass into the air, and as this is more common 
in dry weather, the sanitary imi)ortance of watering and washing the streets 
of great traftic is manifest. 

Mr Tichbome has publisbed|l some analyses of the street dust of Dublin ; 
it contained from 29 ’7 per cent, of organic matter (at the top of a pillar 134 
feet high) to 45-2 per cent, (in the air of a street) ; the organic matter was 
chiefly stable manure finely ground; it acted as a ferment, and reduced 
nitrate of jKJtassium into nitrite ; it had, therefore, a strong deoxidising power. 
The plate (No. V.), drawn by Dr J. D. Macdonald, RN., F.RS., shows some 
of the substances found in the external air in the garden of St Mary’s 
Hospital, Paddington. If 

• Ninth Annual Reiwrt of the Sanitary Cominisaioner with the Government of India. • 

t Blackley(o;?. dt. ) shown tliat pollen is in large quantities, sometimes amounting to 7870 grain.s 
per squaro inch of slide. In the upper strata of the air (at iOO to 600 feet) ho found much nmre 
than in the lower, on an average 19 times os much. Cunningham (op, cU.) also found pollen 
in large quantity. 

t observations on the suspended ma^rs of land and sea air, by Dr Watson, Staff Surgeon, 
for a description of a good plan of examining the air, and for some drawings. Army Medical 
Department Repoi-t, vpl. xi. p. 6^ (1871). * 

§ Chemical News, October 1871. |i Ibid. Oct, 1870. 

T From “ Three Reports on tlie Sanitary Condition of St Mary's Hospital, Paddington, by 
Surgeon-Major F. de Cbaumont, M.D., 1875-6." « ^ 
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(/) It cannot be doubted that various organic substances dried in the ground 
and finely pulverised, may be lifted into the air by winds, and may bo carried 
to great distances; under the microscope the particles vrould probably' appear 
formless, and could not be referred to any special class, but would be included 
under the term of dust,” or amorphous matter.” In this way it is believed 
that some diseases may be propagated ; cholera, for example, by the particles 
of dried excreta lifted and carried by the wind, and smallpox and scarlet 
fever by the disintegrated epidermis or dried discharges. In the case of 
smallpox and scarlet fever, the distances to which the “ contagions ” spread 
by means of the air is certainly inconsiderable.* 

Some of the various particles of different kinds tlius suspended in the air 
reflect and scatter the rays of light, and produce the appearance of fine motes, 
which are familiar to every one, as seen in the cours^ of a ray of light passing 
through a dark room, or when an electric beam is transmitted tlirough a tube. 
When the air is kept motionless they subside, so that most of tlunn have 
some wcnght, though some are so light as not to subside in rarified air 
(Tichbome) ; when heated, Tynclall has shown that sgmo of them are burnt, 
and a little bluish mist arising from the combustion can even be perceived ; 
the destructible nature proves, of course, the organic origin of those consumed, 
but does not show whether they are organised or not. 

Suspended Matters in Enclosed Spinces, 

1. Rooms inhahited by Healthy Persons . — In all inhabited rooms wdiicli are 
not perfectly ventilated, the presence of scaly epithelium, single and 
tessolated ; round cells like nuclei, portions of fibres (cotton, linen, wool), 
portions of food, bits of human hair, wood, and coal, can be found in addition 
to tlie bodies which are present in the * external air, though, as sliown by 
Watson, mineral matters and vegetable mattiu's are not so plentiful, as the 
comparative stillness of the air allows them to fall.f 

In some cases articles of furniture may furnish certain substjincos; the flock 
Widl-papers, coloured green by arsenical prej^aratioiis (especially Sclieele’s green 
and Schweinfiirth green), give off' little particles of arsenical dust into the 
room ; X aii<l it has been shown by Professor Fleck § that the arsimious acid in 
the Schweinfurth green, when in contact w ith moist organic substajices, and 
especially starch sizing, forms arsenhmjtted hydrogen, which difFus(is in tlio 
room, and is no doubt the cause of some of the cases of arsenical poisoning 
from grc(in papers. 

2. Slck-Roonis . — In a<idition to being vitiated by respiration, the air of 
sick-rooms is contaminated by the abumlant exhalations from the bodies, and 
by the effluvia from discharged excretions. The quantity of organic matter 
is known to be largo, but it is difficult at present to give a quantitative state- 
ment. Mosoati, who (in 1818) condensed the ^watery vapour of a ward at 
Milan, describes it as being slimy, and as having a marshy smell. The 
peculiar smell of an hospital is indeed very remarkable, and its similarity in 
hospitals of different kinds seems to show that the odorous substance has a 

* In the air of the biwk-yanl of another London hospital, I found considerable 
quantities of epithelium ; and in the ** dirty linen area,” where the foul linen waa kept in crates 
till washed, 1 found not only epithelium, but even pus globules, and also a quantity of fatty 
crystals, apparently from dressings. There were also iSicteriii, both free and in tlie zooglseal 
form. (F.cfeC.) 

+ Numerous observations on the air of barracks and military haspitals have been made by 
medica*! oHicera of the army, especially by Drs de Cliauniont, Frank, ilewh*tt (of Bombay), 
Stanley, Baynes Keed, Venner, Watson, and many others. (See the Army Medicjil Depart- 
ment Annum Reports, ft-om lSCO-70). 

J Halley and many others. § Zeitsch. fur Biolngie, bd. viii. p. 445 (1872). 
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1849. by the discovery % Prs Brit^ 
Swayne^ of Clifton, of bodies very like fungi in the dr of a chol^ iw^ ; 
later ^^^searches lead to4he opinion that this observation was pcdEectly corr^ 
though the connection between these dhingi and dholeia is still qiute uhcertain. 
In 1849, aifio, Pr Dundas Thomson drew the air of a cholera ward through 
sdphuno acid j various suspended substances wece arrested, starch, woollen 
fibres, epiliieliuin, fungi or spores of fungi, and vibriones. Idr j^uity also 
found in the air* of a cholera ward in St Thomas* Hospital, the spores and 
myceliilih of fungi and bacteria. Some of these bpdies were found, however, 
in the open air. In hospitals for skin diseases the Achorion has been detected 
in the air wherca there are patients with favus ; and Tilbury Fox* has figured 
the spores (clustered and in chains), and the mycelium of the Trichophyton 
in a ward with a number of children with tinea ciicinata. ^ ^ 


The scaly and small round epithelia found in most ix)oms are in large 
quantity in hospital wards j and probably in cases where there is much ex- 
pictoration or exposure of pus or puri|crm fluids to the air, the quantity 
would be still larger. 

Considering tlmt the pleuro-pif^umonia of cattle is probably . propagated 
through the pus and epithelium cells of the sputa passing into Ihe air-ce^ of 
^thor cattle ; that even in man there is evidence of a pneumonic or phtfaisical 
disease being contagious (Bryson, Cases in the Me^terranean Fleet the 
floating of these celLs^in the air is worthy of all attention. It may ^sphin 
some of those curious instances of phthi^ being apparently communicated. 
In the air of a phthisical ward^at Netley, Dr Watson not only found pus 
cells, but bodies wluch were fiot found in the' external air or in the zooms of 
healthy persons, and which were very like the cells seen in tubewmlouaf^ 
matter. In militaiy granular conjunctivitis (gray granulations), the rem^k- 
able effect of ventilation in arresting' the spread (Stromeyer) seems to s]^ 
that we have here a similar case, and that ventila&n acts by diluting, 
ing, and drying the ceUs thrown off from the coigunGtiyte. In sin^lrpox 
warde, Bakewell ^ found imequivocal evidence of minute scales of small-pox 
matt^ in ^ a]£; It seemfi probaj^e that the discovery of sus|)8nded matters 
of this Will lead to most impp^nt results, f The possibility of a direct 
transference fi^m to body of celk undergoing speciid chdoucal or vital 
chaises is &ds b^ond doubt, and the doctrine of j^ntagioh receives 
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gaili^ts burning, Mr Weaver* found the carbonic acid to be 6‘28 parts 
per 1(^ j while, in a girls’ schoolroom (70 girls, and 10,400 cubic feet), or 
150 cubic feet per head, Pettenkofer found no less than 7*230 parts per lOOO, 
In many schools, workrooms, and factories, the amount of respiiatoiy 
impurity must be as great as this, and doubtless a constant unfavourable effect 
is produced on health. Dr Hayne (in H.M. ship Doris ”) found the CO 2 
to range from 1*03 to 3*21 between decks, the latter quantity being in the 
ward-room with the scuttles imf In the Arctic Expedition of 1875~6, 
Dr Moss found as much as 4*82 in the ward-room of the ‘‘Alert,” “room 
feeling very close;” and Dr Ninnis found 5*57 in the lower deck of the 
“Discovery.” 

In a horse stable at the Ehole Mditaire, the amount was 7 per 1000. * At 
Hilsea, with a cubic space of 665 cubic feet per horse, ^tho amount was 1*053 ; 
and in another stable, with 1000 cubic feet per horse, only *693 per 1000 (de 
Chaumont). Marcker found 8*6 m a stable in Gottingen, and no less than 
17*07 in a byre. 

By the skin and lungs pass off from 25 to 40 ounces of water in 24 hours, 
to maintain which, in a state of vapour, 211 cubic feet of air per hour are 
necessary on an average. Of course, however, temperature and the 
hygrometric condition of the air greatly modify this. Oiganic matter is also 
given off from the skin and lungs, the amount of which has never been pre- 
cisely determined. Not is it possible, at present, to estimate it correctly. 
This organic matter must be partly suspended, and is made up of sm^ 
particles of epithelium and fatty matters detached from the skin and mouth, 
and partly of an oiganic vapour given off from the lungs and mouth. The 
oiganic matter from the lungs, when drawn through sulphuric acid, darkens 
it ; through permanganate of potash, decoj[prises it ; and through pure water, 
renders it offensive. Collected from the air by condensing the watery vapour 
on the sides of a globe containing ice (as by Taddei in the wards of the Santa 
Maria Novella), it is found to be precipitate by nitrate of silver, to decolorise 
potassium permanganate, to blacken on platinum, and to yield ammonia. It 
is therefore nitrogenous and oxidisable. It has a ver^ fa*tid smell, and this 
is retained in a room for so long a time, sometimes for four hours, even when 
there is free ventilation, as to show that it i% oxidised slowly. It is probably 
in combination with water, for the most hygroscopic substances absorb most 
of it. It is absorbed most by wool, feathers, damp walls, and moist paper, 
and least by straw and horse-hair. The colour of the substance influences its 
absorption in the following order ; — ^black most, then blue, yellow, and white. 
It is probably not a gas, but is molecular, and floats in clouds through the 
air, as the odour is evidently not always equally diffused through a roonu In 
a room, the air of which is at first perfectly pure, but is vitiated by respiration, 
the smell of organic matter is generally perceptible when the CO 2 reaches 
•7 per 1000 volumes, and is very strong when the. COg amounts to 1 per 
1000. J From experiments made at Gravesend, Netley, Aldershot, and 
BUlsea, by various medical officeis,§ it has been shown that the amount of 
potassium pemianganate destroyed by air drawn through its solution is 
generally in proportion to the amount of carbonic acid of respiration. 

It is indeed asserted by Gaultier de Claubry ( “ AniL d’Hygiene,” April 1861, 


* Hr 'Weaver dves several jKood analyses in different public and private rooms in Leicester. 

July and August 1872. 
t MeA CWr. Trans, vol. Ivii. 
i On this point see table at page 142. 

By Brs.ab Cbaumont, Hewlett (Bombay Army), St John, Stanley, Baynes Beed, Innes, 
Yenning, Martin, and osiers. 
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p. 348), that in harracks, some minutes only after the- soldiers had entered, 
the smell of organic matter was perceptible, though there was at that time no 
augmentation in carbonic acid detect^ 

When the air of inhabited rooms is drawn through pure water, and the free 
ammonia got rid off, distillation with alkaline permanganate, in the method 
of Wanklyn, gives a i)erceptibl6 quantity of albuminoid ammonia." In a 
bed-room at 9 p.m., A. Smith* found ‘lOOl milligrammes in 1 cubic metre of 
air ; at 7 A.H. there were *3346 milligrammes in each cubic metre. 

Mr Moss (apothecary to the Forces) has made some careful experiments on 
the air of rooms, and has compared it, in some cases, with the external air 
(Lancetf Nov. 1872). The average of eight observations in the external air 
(at Portsmouth) gave 0*0936 of fi^ NHg, and 0*0886 of albuminoid NHg in 
milligrammes per cubic fhetre; In the Portsmouth Greneral Hospital he found 
the free NHg as high as 0*865, and the albuminoid 1*307. 

The following is from Dr de CJhaumont's Eeports on the Ventilation 
Experiments at St Mary’s Hospital, Paddington. 


MUligrammes per Cubic metres 






Total 



Free KH, 

Albdminoid 

NHj. 

Organic 

oxygen. 

oxy£^n for 
oxldiaable 

Remarks. 





matter. 

- - 0 

External air, ) 
July 1876, . j 

Wards, 

0-3674 

0*6280 

... 

1*4800 

( Air damp and still, wind 
( S.W. alight 

0*6680 



1*4900 

Do. • 

0*6669 


• •• 

1*5100 


• Do. . 

0*3619 

0*6915 

... 

1*8600 


ExternaVair, ( 
August 1876, . ) 
Wards, 

0*0163 

0*6206 

» 0*4444 

0*6714 

{ Air diy and warm, wind 
(. S.E. by E., fresh. 


0*4622 

(f-3747 

9*6621 

Do. . 

nil. 

0*2824 


I 0*6142 


• Do. . 


0*3676 

0*3101 

0*3667 


Do. . 


0*6259 

0*2225 

0*4451 


Do. . 


0*3684 

0*4420 

0*6815 

1 


It^ is evident that the conditiqp of the external air, with regard to move- 
ment and humidity, has a great deal to do with the amount of organic matter. 
The nitrogen acids ate also met with ; in one instcmce, in the above experi- 
ments, they reached in a ward 28*484 per metre, of which 0*7392 was 
nitrous, and the rest nitric acid. 

Air Vitiated by Cimbustwiu 

The products pf firing pass out into the atmosphere at large ; those of light- 
ing are for the most part allowed to diffuse in the room. 

Coal of average quality gives off in combustion — 

1. Carbon. — ^About 1 per cent, of the coal is given off as fine carbon and 

tarry particles. , 

2. Carbonic acid. — ^In Manchester, Angus Smith calculated some years ago 

that 16,000 tons of carbonic acid were daily thrown out ^ 

3. Carbonic oxide.— The amount depends on the perfection of combustion. 

4. Sulphur and sulphurous and sulphuric acids. — ^The amount of sulphur 
in coal varies from 4 to 6 or 7 per cent In the air of Manchester, A. Smith 
found 1 grain of su^huric acid in 2000 and 1076 cubic feet 

' * Air and ttaih, p. 486.— If expressed as grammes per million cubic metres, tbe amount is 
190*114 and 334*601; in groins, in 1 niilUou cubic feet numbers are^38'074 and 146*210. 
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40 

to 

46*58 

• Z5 

to 

40 

3 

to 

6*6 

3 

to 

4 

2 

to 

3 

0‘29 to 

1 

2 

to 

2*5 

3 

to 

3*75 

•6 

to 

1 

(or in the best canuel- 
coal gas only traces.) 


6. Carlx)n bisulpliida t 

6. Ammonium sulphide, or carbonate. 

7. Sulphuretted hydrogen (sometunes). 

8* Water. 

From some manufactories there pour out much greater quantiti^ of SO2 
(copper works), arsenical fumes, sulphuretted hydrogen, carbonic acid, &o. 

For complete combustion, 1 ft of coal demands about 240 cubic feet of air. 

Wood produces carbonic acid and oxide and water in large quantity, but 
few compounds of sulphur. 1 ft of dried wood demands about 120 cubic feet 
of air for complete combustioiL 

CocU-gaSy when fairly purified, is composed of — • 

Hydrogen, 

Marsh ^ (light carburetted hydrogen), 

Carbonic oxide. 

Olefiant gas (ethylene), 

Acetylene, . . 

Sulphuretted hydrogen, 

Nitrogen, . » . 

Carbonic acid, 

Sulphurous acid, . . 

Ammonia or ammonium sulphide. 

Carbon bisulphide, . 

In some analyses the carbonic oxide lias been as high as 11 per cent, and 
the light carburetted hydrogen 66 : in such cases the amount of hydrogen is 
small As much as 60 grains of sulphur have been found in 100 cubic feet 
of gas.* The Parliamentary maximum is 20 grains in 100 cubic feet. J[n 
badly purified gas there may be a great number of substances in small amount, 
especiily hydrocarbons and alcohols, such as propylene, butylene, amylene, 
benzole, xylol, some of the nitrogenous oily bases, such as pyrrol, picoline, 
&c.t , 

When the gas is partly burnt, the hydrogen and light and heavy 
carburetted hydrogens are dmost destroyed; nitrogen (67 per cent), water 
(16 percent), carbonic acid (7 percent), and carbonic oxide (5 to 6 per cent), 
with sulphurous acid and ammonia, bemg the principal resultants. And 
these prc^ucts escape usually into the air of rooms. With perfect combustion 
there will be little carbonic oxide. 

According to the quality, of the gas, 1 cubic foot of gas will unite with 
from ‘9 to 1-64 cubic feet, of oxygen, and produces on an average 2 cubic feet 
of carbonic acid, and from *2 to *6 grains of sulphurous acid. In other words, 
1 cubic foot of gas will destroy the entire ogygen of about 8 cubic feet of air. 
One cubic foot of gas will raise the temperature of 31,290 cubic feet of air 1*" 
Fahr. 

Oil — ^A lamp with a moderately good wick, bums about 154 grains of oil 
per hour, consumes the oxygen of about 3*2 cubic feet of air, and produces a 
little more than ^ a cubic foot of carbonic acid ; 1 ft of oil demands from 140 
to 160 cubic feet of air for complete combustion. 

• A candle of 6 to the ft bums per hour about 170 grams. 

The products of the combustion of coal and wood pass into the atmosphere 
at large, and. usually are at once largely diluted. Diffusion and the ever- 
moving air rapidly purify the atmosphere from carbonic acid. 

It is not so, however, with the suspended carbon and tarry matters, which 

^ Chemical News, March 18S5, p. 154. 

, t For s hiller list of these snhstances, which do not appear Tery important, see Pappenheim’s 
. Staadbnch Sam PoL band iii. Supp. p. ^1. 
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are too heavy to drift far, or to ascend high. As a rule, the peurticles of car* 
hon are not found higher than 600 feet ; and the way it accumulateB in the 
lower strata of the atmosphere can he seen by looking at any lofty building in 
London. The air of London is so loaded with carton, that even when there 
is no fog, particles can be collected on Pouchef s aeroscope when only a very 
small quantity of air is drawn through 

It is apparently chiefly from combustion, and in some cases from chemical 
works, that the air of towns contains so much acid as to make rain water acid. 
In Manchester, in 1868, Angus Smith found the rains to contain from 5*6 
grains to 1*4 grain of sulphuric acid (free and combined), and from 1*277 to 
•0278 grains of hydrochloric acid per gallon. In Liverpool and Newcastle air 
the same thing occurs ; the sulphuric acid is always lar^r in amount than the 
hydrochloric % 

Sulphurous and sulphuric acid also appear to to less rapidly removed, as 
Angus Smith found a perceptible quantity in the air of Manchester ; and the 
rain water is often made acid from this cause. 

The products of gas combustion are for the most part allowed to escape into 
rooms, but certainly this should not be allowed, when gas is burnt in the large 
quantities commo^y used. The immense quantity of gas often used causes 
great heat, humidity of the air, and there is also some srdphurous acid, an ex- 
cess of carbonic acid, and, probably, a little carbonic oxide, to which some of 
the effects may be due. Weaver* found as much as 6*82 volumes of carbgnic 
acid per 1000 in the room of a frame>work knitter in Leicester, with 14 gas 
lights burning. In other workrooms the amounts were 5*28, 4*6, down to 
2*11 volumes per 1000, This amount has a very injurious effect bn health, 
as shown long ago by Dr Guy. In a workshop in Paris, with 400 men and 
400 gas-burners, the health of the men was very bad. General Morin intrcK 
ducod good ventilation, and the niAiber of cases of illness was reduced one- 
third. The appetite of the men, formerly very bad, greatly improved. 
According to Dr Zock,t coal gas gives off rather more carbonic acid for an 
equal illuminating power than oil, but less than petroleum. Dr Odling found 
for equal illuminating power, that candles gave more impurity to the air than 
gas,t Gas gives out^ however, more water. 

In tobacco smoke are contained particles of nicotine or its salts (Heubel), 
and probably of picoline bases, 'there is also much carbonic acid, ammonia, 
and butyric acid. 

Dr Eipley Nichols has investigated the air in smoking cars on American 
Eailways, and found the COj to range from 0*98 to 3*35 per 1000, with a 
mean of 2*278; inordinary non-smoking cars the CO« varied from 1*74 to 
3*67, with a mean of 2*32, so that there was not muen difference as far as 
CO 3 went As regards ammonia, however, the difference was great, for (taking 
the external air ratio as 100) he found in the smoking car from 310 to 575, 
whilst in the ordinary cars it was only 135 to 175. None of the peculiar 
products of the combustion of tobacco were found. (Eeprint from the 6 th 
Annual Beport of the Massachusetts Board of Health). 

Air Vitiated by Effluxna from Bewage MaMer and Air of Sewers. 

Air of Cesspools . — ^The air of cesspools, and especially of the cemented pits 
which are stiU common in many continental towns, and which receive little 
beyond the solid and liquid excreta and some of the house water, is generally 
highly impure. lAvy § refers to an extreme case, in which the oxygen was 
lessened to 2 per cent., the nitrogen being 94 and the carbonic acid A ^ 

* ♦ Lancet, July 1872. t Zelteoh. fttr Biol band ii. p. 117 (1866)* 

t Medical Times and Qasette, Jan. 9, 1869. 9 Tr^^d’Hygi^ne, 8d edit p. 638. 



AIB. 


1^08 

thi$ case appaienjtl j no other gases were present ; but in most instances there 
is a varislde amoimt of sulphuretted hydrogen*, ammonium sulphide, nitrogen, 
carbonic acid, and carburetted hydrogen, in addition to foetid organic matters. 
These organic matters are in la^ amount 62 feet of the air of a cesspool 
destroyed, in Angus Smith’s experiments, as much potassium permanganate as 
176,000 cubic feet of pure air, though perhaps some sulphuretted hydrogen 
may have been also present Oesterlenf states that these gases will pass 
eeisily through walls ; and M. Hennezel J has lately noticed fthat in the 
** foss^ d’aisanc^ ” in Paris, even in those covered with stone slabs and earth, 
the wind blowing down the ventilating tube will force the gas through the 
neighbouring walls, and then perhaps into the house. 

The Air of B^ers. — In sewers the products of decomposition are variable, 
as not only solid and liquid excreta and hoiwe watfr, but* the washings and 
debris of the streets, the refuse of trades, &c., pass into the sewers. As a 
rule, the products of decomposition of the sewer-water appear to be much the 
same as noted above — ^viz., foetid organic matters, carbo-ammoniacal substances 
condensing with the water of the air on the cold walls, carbonic acid, nitrogen, 
light carburetted hydrogen, and sulphuretted hydrogeni§ The proportions of 
these gases are variable ; || the most common are carbonic acid and nitrogen ; 
marsh gas is found when oxidation is impeded, and sulphuretted hydrogen 
and ammonium sulphide, which form in the sewer-water in most cases, are 
Hberated from time to time. The gases, however, are, as a rule, of far less 
importance than the foetid organic matters, the exact nature of which it would 
be most desirable to examine more thoroughly. 

The organic vapour is carbo-ammoniacal ; the putrid substance in the sewer 
water appears, from Odling’s observations, to be allied to the comppqnd 
ammonias ; it contains more carbon than methylamme ), and less 

than ethylamine ). • x 2 v 8/ /> 

The composition of sewer air will, of course, vary infinitely with the amount 
of gases disengaged and the degree of ventilation in the sewer. The quantify 


* ^rker, On Malaria and Miasmata, p. 245. Jf Oesterten, Hygiene 1867, p. 446. 

t Ann. d’Hygiene, Oct. 1868, p. 178. § Oesterlen, Handb. derHyg., 2d edition, p. 445. 

II Dr Le^eby's ex^riments, as given In nis official Beport, in his article in the Ency- 
clopsedia firitaiinica (Banitary Science), &c., and in ai letter to Dr Adams (given by Dr Adams 
in his pamphlet. The Sanitary Aspect of the Sewage Question, 1868, p. 84), are the most 
complete oh this subject. Taking the last statement of his views as representing his opinion 
I gather that sewer-water (containing 128*8 grains of organic matter per gallon), excluded from 
air, gave out during 9 weeks 1*2 cubic inches of gas per hour, consisting per cent, of 73*838 
o^iarsh gas, 15*899 of carbonic add, 10*187 of nitrogen, and 0*081 of sulphuretted hydrogen. 
When atmospheric air is admitted, I infer that Dr Letheby thinks the chief gases are carbonic 
add and nitrogen, with but mere traces of sulphuretted hydrogen* That marsh gas in large 
quantities can be, however, formed, is shown by Letheby's observations on the gases evolved 
in the London sewers in 1866 where carbolic acid was used ; the gas was fr^uently fined by 
tiie candles of the sewer-men, and was found to contain 88*46 per cent, of marsh gas, the for- 
mation of which was favour^ Letheby thinks, by the action of Ihe carijolic acid ; and this 
IS probable, since Angus Smith (Disinfectants Disinfection, p. 26) found the gas given off 
by the putrid sewaae at the bottom of the Medlock, the water over which was free from ox}*gen, 
to conlAin almost the same quantity of marshlgas—vhL, 88*81 per cent. ; the other gases be- 
™ oubonic acid, 6.84 ; and nitrogen, 6*86 per cent. The evolution of mnrsh gas wTu there- 
fore, in paj^ at any rate, depend on the amount of exposure, and on the absorption of air by the 
^wer-Water. I^theby’s experiments shows less sulphuretted hydrogen than might have been 
untimpat^ bom from the large amount of sulphides usually present in sewer-water, and the 
amount of sulphuretted hydrogen proved to exist in the air of many sewers. With regard to 
the qiuknuty of gam disengaged, I gave, in a former edition of this work, the amount of 1 to 14 
oubic inch of gas disengM^ from London sewage per gallon per hour in the sewers, as this 
I^heby’s account of his expeiiments, as given in the E^yclupmdia 
BriUnnica (wt. Sanitary Science) ; but Dr Adams, of Gla4^w, nas pointed out that Dr 
® eiroeriments repi^nt the gases disengaged in the laboratory— 8.e.. at a higher tem- 
perawe.^ The aimmnt of gas evolution in the sewers themselves has not been, I believe, 
actuwy deteimwied, and will no doubt vary according to the quantity of water, t^ tempei'a* 
tmo; lapimty dTflow hi the sewer, ^ 
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of oxygen ia sometimes in nonnal amount ; it may, however, be diminished 
in very badly constructed seweia Parent- j^uchfttelet gave an analysis of the 
air of a choked sewer in Paris, which contained only 13*79 per cent, of 
oxygen,* and no less than 2*99 per cent of sulphuretted hydn^n. Exclud- 
ing this analysis, the greatest impunty in the old Parisian sewers, as deter- 
mined by Gaultier de Claubry, in 19 analysesf in 1829, was 3*4 per cent of 
carbonic acid, and 1*2S per cent of sulphuretted hydrogen (in different 
samples of air). The lowest amount of oxygen was 17*4 per cent Sul- 
phuretted hydjogen was present in 18 out of 19 cases; the mean of the 
whole 19 cases being *81 per cent The mean amount of carbonic acid in 19’ 
ca^es was 2*3 per cent Li the present London sewers of good construction 
the air is much less impure. Dr Letheby found only *532 per cent of 
carbonic acid, a good d6kl of ammonia, and only traces of sulphuretted and 
carburetted hydrogen. Dr Miller^s experiments in 1867 { gave a mean of only 
0*106 per cent of carbonic acid in 18 analyses, and *307 per cent in 6 other 
instances, the oxygen being 20*71 per cent No sulphuretted hydrogen was 
present Dr Bussell examined the air in the sewers of Paddington in 
August ; the most impure air contained 20*7 oxygen, 78*79 nitrogen,, and *51 
volumes of carbonic acid per cent ; there was very little ammonia, and no 
sulphuretted hydrogen.. 

It is evident that, if we take the carbonic acid and sulphuretted hydrogen 
as indices, sewer air has no constant composition. It is sometimes almosft as 
pure as the outside air, while at other times it may be highly impure. But 
these gases are probably the least important ingr^ients of sewer air ; that 
organic matters are present is evident from the peculiar foetid smell, and in 
some cases they are in large amount ; 8000 cubic feet of the air of a house 
into which sewer air had penotrat^ destroyed more than 20 times as much 
potassium 'permanganate as the same quantity of purfe air (Angus Smith). 
Fungi grow rapidly in such air, and meat and milk soon taint when exposed 
to it. When the sewer air passes through charcoal these substances are 
absorbed ; they may be partly oxidised, as Dr Miller found some nitric acid 
in the charcoal, but thfy also collect in the charcoal, and can be recovered (in 
part at any rate) from it by distillation.§ 

We must also suppose, for fa<its leave us no other explanation, that the 
unknown agencies which produce typhoid fever may also be pr^ent and 
there can be little doubt that cholera || may occasionally spread in the same 
way. The poison of yellow fever (as appears likely from the epidemic 
in Madrid) may also exist in sewer air. Whether small-pox, scarlet fever, &c., 
can own a similar channel of distribution is uncertain ; that dysentery and 
diarrhoea may also be caused by exhalations proceeding from a foul sower wo 
cannot doubt, but the precise agency is here dso unknown. 

The experiments of Professor Franklandll show that solid or liquid 
matter is not likely to be scattered into the air from the sewage itself by any 
agitation it is likely to undergo, until gas begins to be generated in it He 
found that no ordinary agitation (even greater than sewer water is likely to 
meet with) would scatter particles of lithia solution into the air, but 
that the bursting of bubbles of carbonic acid gas was sufficient to effect it’ 


* Hygiene puhl., t. i. p. 209, footnote, and p. 890, 
t Parent-Duch&telet'a Hyg. pnbliqne, t. i. p. 889. 
i Attract in Ohemioal News, March 1868. 

8 Miller, Chemical News, March 1868. * 

U A casein which sewers probably played a part In the dissemination of cholera is given iri 
on the Cholera in Soutnamption in 1866 to the Medical Officer of the Fdvy Council. 
1 Proceedings of the Royal Society. 1877. ^ 
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Hence lie allies (witk appaiie^t lmth) that ae^rage becomes dangerons in this 
mj cniy after the setting in of decompositioxi, so that if we take proper steps 
to cany away sewage at once the danger becomes reduced to a minimum. 

Dr D. D. Cunn^ham found large quantities of Bacteria in the air of the 
Calcutta sewers. 

' Air of Churchyards and VaultB, 

The decomposition of bodies gives rise to a very large amount of carbonic 
acid. It has been calculated that when intramurd bimal was carried on in 
liondon, 2A millions of cubic feet of CO^ were disengaged annually from the 
52,000 bodies then buried. Ammonia and an offensive putrid vapour are also 
given off. The air of most cemeteries is richer in cgffbonie acid (*7 to *9 per 
1000, Bamon da Luna), and the organic matter is** perceptibly Wge when 
tested by potassium permanganate. In vaults, the air contains much carbonic 
acid, carbonate or sulphide of ammonium, nitrogen, hydrosulphuric acid, and 
organic matter. Waller Lewis found little SHg or CH ; or cyanogen, or phoeh 
phoretted hydrogen. In his experiments the gas always extinguished fl^e, 

Fungi and germs of infusoria abound. 

Air vitiated by certain Tradea^ 

Hydrqphloric acid gas, from alkali works. 

Sulphurous and sulphuric acids, from copper works — ^bleaching. 

Sulphuretted hydrogen, from several chemical works, especially of ammonia. 

Carbonic acid, carbonic oxide, and sulphuretted hy^gen, from bripk-helds 
and cement-works. 

Carbonic oxide (in addition to above cases), from iron furnaces, gives rise 
to from 22 to 25 per cent. (Letheby); ^irom copper furnaces, 15 to 19 per 
cent. (Letheby). 

Organic vapours, from glue refineis, bone-burners, slaughter-houses, 
hackeries. * 

Zinc fumes (oxide of zinc), from brassfoundeis. v 

Arsenical fumes, from copperemelting. 

Bisulphide of carbon, from some indi^rubber works. 

Air of Towns. 

The air of towns may be vitiated by respiration, combustion, effluvia from 
the soil, sewers, and trades. The movement of the air tends, however, to con- 
tinually dilute and remove these impurities, and the heavier particles deposit^ 
BO that the air even of manufacturing towns is purer than might have been 
anticipated. The amount of oxygen in atmospheric air in the purest air near 
the surface of the earth, being t^en as jErom 20*9 to 20*99 volumes per cent^ 
and the carbonic acid being from *03 fo *045 per cent, with a mean of *04, it 
would appear, from Angus Smith’s observations,* that in a crowded part of 
Manchesto, exposed to snioke, the amount of oi^ygen was from 20*868 to 
^20*179 per cent ; the average of the street air taken j&m the laboratory front 
door was, in Manchester, 2Q*943 ,* of the air taken from a doset, a midden 
behind the laboratory, 20*70. In the London air, in the open spaceiE^ the 
oxygen amounted to 20*96 ; in the crowded eastern districts to 2Q*857.f Jn 
a foggy frost, in Manchester, when the smoke was hot moving much, the 
amount was 20*91. In Glas^w the avmage was 20*9092. The variations 
are, Imerefore, within nairow hmit^ 


Air aid ItaUi, p. 24. 


t A. Smith, op. oU., p. 



air of tows^air of marshes. 

The percentage leesexiiiig of oxygen iii atanpeghedo dt is ^ly made up by 
an incmuBe in the carbonic acid ; but if a town is built^ the increase in 
the carbonic acid is trifling ; the mean amount of COj for London^ in Boscoe’s 
experiments, was only •037 volumes per cent. ; in Manchester, in usual 
w^her, A. Smith found the amount -0403 per cent ; during fogs, -0679 ; 
in the air above the middens, *0774 per cent It is stated that there is a 
difference between close and open spa^ in towns ; thus, in the open spaces 
(parks) in London, the mean amount in A. Smith's experiments was *0301 
per cent ; in Newgate Street (in the City), it was *0413 ; in Lower Thames 
Street (City), *0428 per cent It is not however, stated whether the observa- 
tions were made simultaneously.* In Glasgow, the average carbonic acid was 
•0502, and in Perth -04136 percentf In foreign citiesthe amount isgreater, 
and surpasses the normA limit in air. In Madrid, Bamon da Luna found 
*0517 as a mean average, and in some cases *08 per cent ; i;^ Munich, the 
amount is *05 per cent These numbers seem, after all, insignificant, but they 
are not really so, as the aggregate difference, if only *01 per cent, is consider- 
able. In the air of towns which bum coal there are also, as not^, an excess 
of acidity (sulphuric and hydrochloric acids), and various suspended matters 
(see antfi)y which no doubt have iigurious effects. | 

The air of most towns, in addition to ammonia, also contains a nitrogenous 
substance which, when condensed in pure water, can be made to yield 
albuminoid ammonia, by Wanklyn's method. In various places in London, 
A. Smith§ found the amount to average *1509 milligrammes of albuminoid 
ammonia in 1 cubic metra The greatest amount was in a field two miles past 
Clapham Junction (viz, *27108 r^igrammes per cubic metre), and the least 
wag in Westminster Abbey Yard (^8665 milligrammes). At the shore at 
Iimellan (Firth of Clyde), tiie amoimt was *1378 milligrammes, and the mean 
in the streets of Glasgow was *3045 milligrammes per cubic metre. In the 
mr of the Undeiground Bailway, in London, the amount was *3734 
milligrammes. II The mean of Mr Moss's experiments in the open air of Ports- 
mouth was rather less, viz., *0886 milligrammes of albuminoid ammonia per 
cubic metre. This amnlbnia may be derived from the living beings in the air, 
or from dead organic matter; and to bring out the full meaning of such re- 
searches, the chemical must be supplemented by a microscopical examination. 

These observations prove how important it is to build towns in such a way 
as to ensure good perflation and movement of air everywhere, and to provide 
open spaces in all the densely-crowded parts; The great powers of nature, 
winds, and the fall of rain, will then, for the most part, keep the atmospheric 
impurities within limits not injurious to health. 

Air of Marshes^ 

The air of typical marshes contains usually an excess of carbonic acid, 
which amounts, perhaps, ‘to *6 or *8 or more per 1000 volumes. Watery 
vapour is usually in large quantity. Sulphurett^ hydrogen is present, if the 

* Iq the neighbourhood of St Mary's Hospital, Paddington, 1 found the mean CO^ to be* 
0.056 percent, in damp still weathen July 1875 ; the same^ locality in dry, hot weather, with 
ftfi^ooa deal of movement of air, 0*0416 per cent. <Aug 1876) : in the neighbourhood of University 
CWlege Hpepital, damp weather, 0*0786 per cent, in February 1877. (F. de. C.) 

t A. Smith, Air ana Rain, p. 50, et sw. 

Z There ate (dso nitrous and nitric acids, due probably, to the oxidation of orgAnio matters. 

I Air and RiOn, p. 487. 1 have stated the xesults in milligranimes per cubic metre, instead 
of gr^cs per million cubic metres. 

t^ garden of St Mary’s Hospital, Paddington, I found 0*5280 and 0*6206 rogms. pin* 
^ University-Coil^ Hospital 0*2060 and OWS. 

(F, ae u.) ^ 
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of the^^z^ contiEdiiB sidphate^^ which in presence of organic matter, 
are converted into sulphnret^ &om which SH 2 is derived by the action of 
vegetable acids. Carburetted hydro^ is also often present, and occasionally 
free hydrogen and ammonia, an^ it is said, phosphoretted hydrogen* 

Org^c matter also exists in considerable quantity. Discovered by 
Vauquelin (1810 and 1811, in the air collected over the I^nguedoc marshes) 
by De lisle, and again by Moacati (1818, in the air of a Lombardy rice-field), 
and examined more recently by Boussingault (1829, 1839), Gigot (1869), and 
Becchi (1861), the organic matter seems to have much the same character 
always. It blackens sulphuric acid when the air is drawn through it ; gives 
a reddish colour to nitrate of silver; has a flocculent appearance, and some- 
times a peculiar marshy smell, and, heated with sodarlime, a^ords evidence of 
ammonia. The amount in !l^chi’s experiments was *00027 grammes in a 
cubic metre of air ( = *000118 grains' in 1 cubic foot). Ozone, led through a 
solution of t^ organic matter, did not destroy it It is said to destroy 
quinine. Besides this organic matter, various vegetable matters and animals, 
floating in the air, are arrested when the air of marshes is drawn through water, 
or sulphuric acid, and debris of plants, infusoria, insects, and even, it is said, 
small Crustacea are found ; the ascensional force given by the evaporation of 
water, seems, indeed, to be sufficient to lift comparatively large animals into 
the air. Dr M. P. Balestraf has described spores and sporangia of a little 
algoid plant in the air of Borne and its vicinity, and the same plant is found 
abundantly in the water of the marshes near Borne. Balestra is inclined to 
attribute marsh fever to this widely diffused ‘‘microphyte granule.” It has 
been stated that ozone is deficient in the air over marshes, but the observations 
of Burdel (“ Becherches sur les fifevres paluddennes,” 1 868) do not confirm ^s. 
He often found as much ozone as in other air. In the air collected from the 
surface of lakes, containing some aquatic^plants, especially the Chara, there is 
a large proportion of oxygen, and this air gives, near the surface, the reaction 
of ozone (Clemens), while at some feet above th^ reaction is lost. Thi? is 
usually ascribed to the oxidation of organic matter, which rises simultaneously 
from the water. , . < 

. 

Air in the Holds of Ships. 

The air in the holds of ships is compounded of exhalations from the wood, 
bilge-water, and cargo. Owing to the comparative immobility of the air, it 
often becomes extremely fouL The composition is not known, but the smell 
of sulphuretted hydrogen is very perceptible, and white paint is blackened. 
In some cases, when the water-tanks are fiU^ by condensed water from the 
engines, which is not well cooled, the hold may become extremely hot (100® 
to 120® Fahr.), and decomposition be much increased. 

Air of Mines. ^ . 

In the metalliferous mines the air, acccording to Angus Smith,! is pqor in 
oxygen (20*6 per cent, sometimes), and very rich in carbonic acid (7*86 per 
1000 volumes on a mean of many experiments). It also contains organic 
matter, giving, when burnt, the smell of burnt feathers, in uncertain amount 
These impurities arise from respiration, combustion from lights, and from 

* ^oropoff (of St Peterstnug), considen malaria poison gaseous ; after removing water, 
oxy^n, and carbonic acid, be found marsh air stiU yielded 84 to 89 per cent of gaseous matter : 
jirhiwt to sir gave only 8U 

f Gptll^es ftendufl, 1870, Ko. 8, July, p. 285. 
t Report on Mines, Blue Book, 1884. 
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gonpowder blastixig; This lal^ piooess adds to the aor, m addition to 
carbonic acid, carbonic ojride, hydrogen and sidphuretted hydrogen, yaiious 
solid particles, consisting of suspended salts, whiw may amount to as much as 
3 grains in each cubic foot of air. These suspended substances are especially 
sulphate of potash, carbonate of potash, hyposulphite of potash, sulphide of 
j^tassium, sulphocyanide of pota^um, nitrate of potassium, carbon, sulphur, 
and sesquicarbonote of ammonia. 


SECTION IL 

DISEASES PBODUCED BT IMPURITIES IN AIR 
Sub-Sbotion L— SnspsNDED Solid Matters. 


1. Dead The*efiFect which is produced on the respiratory organs 

by substances inhaled into the lungs has long been known. Ramazzini and 
several other writers in the last century, and Thackrah about forty years ago 
in this country, directed special attention to this point, and since that time a 
great amount of evidence has accumulated,^ which shows that the effect of 
dust of different kinds in the air is a far more potent cause of respiratory 
diseases than is usually admitted. Affections of the digestive oigans are also 
caused, but in a much slighter degree. The respiratory affections are 'fre- 
quently recurring catarrhs (either dry or with expectoration) and bronchitis, 
with subsequent emphysema, although this sequence appears from the figures 
given by Hirt to be not quite so frequent as was supposed, perhaps from the 
codgh not being violent Acute pneumonia, and especially chronic non- 
tubercular phthisis, are also produted. The suspend^ matters in the air 
which may produce these affections may be mineral, vegetable, or animal ; 
but it would seem that the severity of the effects is cMefly dependent on the 
amount of dust, and on t&e physical conditions as to ^gularity, roughnei^, or 
smoothness of the particles, and not on the nature of the substance, except in 
some special cases. A*la^ number of the unhealthy grades axe chiefly so 
from this cause; this is the case, in fact, with miners ^of all kinds.! Mr 
Simon X states t^t, with one exception, the 300,000 miners in England break 
down as a class prematurely from bronchitis and pneumonia caused by the 
atmosphere in which they liva The exception is most important. The 
colliers of Durham and Northumberland, whore the mines are well ventilated, 
do not appear to suffer from an excess of pulmonary disease, or do so in a 
slight degree. 

In different mines, also, the amount of pulmonary disease is different, 
apparently according to the amount of ventilation. 

The following table by the Registrar-General is printed in the Report of 
the Commissioners on Mmes, Blue-book, 1864 : — 


* The whole snhject has been latcily yery carefully investigated by Hirt. Die Krankheiten 
dcr Arbeiter, Erste Theil, Die Staubinhalations-Krankheiten, von Dr L. Hirt, 1871. * 

f Thakrab enumerates the following in his work on the Effect of Arts, Trades, and Pro- 
fessions on Health, 1882. p. 68 The workmen who were affected injuriously by the dust of 
their trades 40 years ago evem and the aame list will almost do for the present day; Coro* 
^lets, maltsters, teamen, coffee-roasters, snuff-makers, papermakers, flock-dressers, feather- 
dresser^ shoddy-gihiden: weavers of coverlets, weavers of huding, dressers of hair, hatters 
^ployM in the Sawing department, dxesseia of coloured leather, workers in flax, dressers of 
bmp^ Mme wbtkers in wood, wire-grindenL masons, oollier^ iron miners, lead zniners, gitnders 
Of jnetals, flie eutfera, ma<fliine-maker% makers of firearms, button-tnakers. 4 

t Fourth Import of the Medical Officer of the Privy Council, 188% p. 15, et eeq, -Seo also 
Aiiidge in H and F. Med. Chir, Bev. July 1864, for the effeete of the potfery trade. 

n 
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Anniutl Deaths p&r Pulmonary DUeaee during iJie 

Tmrs mdiudve. 


Ages. 

Metal Miners 
in CcmwalL 

Metal Miners 

In Yorkshire. 

Metal Miners 
in Wales. 

Males, exdosire 
of Miners, 
in Yorkshire. 

Between 15 and 25 years. 

877 

8*40 


8-97 

» 25 ,, 35 ,, 

4-16 


4-19 

5*15 

,, 35 ,, 45 ,, 

7*89 

11*76 


8*52 

f) fi 

19*76 

23*18 

14*71 

• 5*21 

„ 55 ,, 65 ,, 

43*29 

41-47 

86*31 

7*22 

„ 66 ,, 75 „ 

45*04 

53-69 

48*31 

17*44 


The enormous increase of lung diseases among tlft miners after the age of 
36, is seen at a glance. 

In the pottery trade all classes of workmen are exposed to dust, especially, 
however, the flat-prossers. So common is emphysema that it is called “ the 
potters* asthma.” 

So also among the china scourers ; the light flint dust disengaged in great 
quantities is a “ tmrible irritant.” Dr Greenhow states that all sooner or 
later become ‘^asthmatical” 

The grinders of steel, especially of the finer tools, are perhaps the most 
fatally attacked of all, though of late years the evil has been somewhat 
lessened by the introduction of wet-grinding in some cases, by the use of 
ventilated wheel-boxes, and by covering the work with linen covers when 
practicable. The wearing of masks and coverings for the mouth appears to 
be inconvenient, otherwise there is no doubt that a great amount of the dust 
might be stopped by very simple contriv|pces.* 

Button-mcJters, especi^y the makers of pearl buttons, also suffer from 
chronic bronchitis, which is often attended with hsemoptysis. So also pin- 
pointeis, some electro-plate workmen, and many other trad^ of the like kind, 
are more or less similarly affected. 

In some of the textile manufactures much harm if done in the same way. 
In the carding rooms of cotton, and wool, and silk spinners, there is a great 
amount of dust and flue, and the daily grq^ding of the engines disengages also 
fine particles of steeL Since the cotton famine, a size composed in part of 
china clay (36-36 grains of elay, in 100 of sizing on an average), has been 
much used in cotton mills, and the dust arising seems certainly to be produc- 
ing ii^jurious effects on the lungs of the weaver, f 

In flax factories a very irritating dust is produced in the process of hack- 
ling, carding, line-preparing, and tow-spinning. Of 107 operatives, whose 
cases were taken indiscriminately by Dr Greenhow, no less than 79 were 
suffering from bronchial irritation, and in 19 of these there h^ been 
hssmoptysis. Among 27 hacklers, 23 were diseased.} In shoddy factories, 
also, the same thing occurs. These evils appear to be entirely and easily 
preventable. In some kinds of glass-making, also, the workmen suffer from 
^ floating particles of sand and felspar, and sometimes potash or soda-salts. 

The midters of ‘grinding-stones suffer in the same way ; and children work- 
ing in the making of sai^-paper are seriously affected, sometimes in a very 
short time, by the inhalation of fine particles of sand into the lungs. 


^ 8es for fartber particulars and much interesting information Dr Hall's paper at the 

on certain Sizing Processes used in the Cotton Manufacture at 
Todmotden. * Ordered to he printed by the House of Commons. May 187SL 
4; Mr Simon’s Fourth Report, p; 19. 













EFFECTS OF SUSFEKDED MA.TTEB8 IN AIB. 11$ 

Li Tnftlrmg Portlaiid cement, the burnt masses of cement^are grpund doVn, 
and then the powder is shoveUed into sacks; the workmen doing this cough 
a great deal, and often expectorate little masses of cement. I have been in- 
formed by some of them that if they had to do the same work every day, it 
would be impossible to continue it on account of the lung affection. 

The makers of matches, who are exposed to the fumes of phosphorus, suffer 
from necrosis of the jaw, if there happens to be any exposed part on which 
the fumes can act. 

In making bichromate of potash, the heat and vapour employed carry up 
fine particles, which lodge in the nose and cause great irritation, and finally 
tdceration, and destruction of both mucous membrane and bone. Those who 
take snufiP escape this. The mouth is not affected, as the fluids dissolve and 
get rid of the salt. Tllb skin is also irritated if the salt is rubbed on ii^ and 
fistulous sores are apt to be produced. No effect is noticed to be produced on 
the lungs. Waslung the skin with subacetate of lead is the best treatment 

In the process of sulphuring vines the eyes often suffer, and sometimes 
(especially when lime is used with the sulphur) decided bronchitis is produced. 

In some trades, or under special circumstances, the fumes of metals, or par- 
ticles of metaUic compounds, pass into the air. Brassfoimders suffer from 
bronchitis and asthma, as in other trades in which dust is inhaled ; but in 
addition, they also suffer from the disease described by Thackrah as brass- 
ague,” and by Dr Greenhow as “ brassfounders* ague.” It appears to be pro- 
duced by the inhalation of fumes of oxide of zinc ; f the symptoms are tight- 
ness and oppression of the chest, with indefinite nervous sensations, followed 
by shivering, an indistinct hot stage, and profuse sweating. These attacks 
am not periodicaL 

Coppersmiths are affected some^at in the same way, by the fumes arising 
from the partly volatilised metal, or from the spelter (solder). 

Tinplate workers also suffer occasionally from the fumes of the soldering. 

• Plumbers inhale the volatilised oxide of lead which rises during the process 
of casting. Nausea and tightness of the chest are the first symptoms, and 
then colic and palsy. • 

.Manufacturers of white lead inhale the dust chiefly from the white bedK 
and the packing. • 

House painters also inhale the dust of white lead to a certain extent, thougb 
in these, as in former cases, much lead is swallowed from want of cleanliness 
of the hands in takingfood. 

Workers in tobacco factories also suffer in some cases, and there are persons 
who can never get accustomed to the work ; yet with proper care and ventila- 
tion it appearsj: that no bad effects ordinarily result 

Workers in mercury, silverers of mirrors, and water gilders (men who coat 
silver with an amalgam of mercury and gold), are subject to mercurialismus. 

Workmen^who use arsenical compounds, either in the making of wall papers 
or of artificial flowers, &C., suffer from slight symptoms of arsenical poisoning,, 
and many persons who have inhaled the dust of rooms papered with arsenical 
papers have suffered firom both local and constitutional effects, — the local bein^ 
smarting of the gums, eyes, nose, oedema of the eyelids, and little ulcers on the 
exposed parts of the body ; the coxistitutional being weakness, fainting, asthma, 

^^vallier, Ann. d*Hygitoe, July 1868, p. 83. 

T Some doubt has been ezpreued as to those symptoms beinff produced hyj^pre zinc fames ; 
m Hilt {op, cii.) 'who that mea employed in making zinc houses, where they inl^e 

without copper, never suffer from bfa88foander*s ague. On the other Band he- 
^ effect of the metallic fumes (copper 7> on himself. , The workmeiz 

^^^that drinking large nnwatitieB of milk livtoens the severity of the attacks^ 

. iHirt,<^.c«.p. leS-lteT - • 
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diairlKBa, and sometimes even seveie nerrous symptoms, 
j&xi^iiic ^ been detected in the nxine of such peisons. 

jL gives an account of the diseases among workmen in Fiaame 

emidbyed in making patent fuel, a mixture of coal-4ust and pitcL He says 
t^.t they suffer from melanodermy, cutaneous eruptipnfi^ and epithelial cancers, 
affections of ihe eyes, ears, and nose ; bronchitis with pulmonary pseudo- 
melanosis ; and gastro-enteio-hepatic di^rdeis. Hirt also mentions some of 
the diseases produced among workmen by the various taivproductSr 
2. Living SuMancee, as Infusoria^ Fungi^ AlgcSy or ft^r germSy or Pollen 
or Effluvia of Flowers . — ^That summer catarrh or hay-fever is product in many 
persons by the pollen from grasses (especially Anthoxanthum odoratum)^ trees 
or flowers, is now generally admitted. The researches of Dr Blackley, f of 
Manchester (himself a sufferer), have placed the matfer beyond a doubt In 
his case, at least, it was pollen that produced the disease, and not the effluvia 
merely. Goumarin had no effect Grass-pollen (which constitutes 95 per 
cent of the pollen floating in the atmosphere) and the pollen from pine-tt^ 
were the most powerful in effect Curiously enough the pollen of poisonous 
plants, such as the Solaneacem, was often comparatively innocuous. It is also 
known that the spores of certain fungi in falling on a proper soil may cause 
disease of the skin in men, and that tinea and favus are thus sometimes spread 
seems certain. The attempt, however, to connect the spread of the specific 
diseases with fungi or algse has not yet been successful, in spite of the careful 
researches of several authors, j; Dr Salisbury of Ohio has attemped to trace 
ague to a Fahnella ; others have ascribed it to the Oscillarinese generally ; and 
Dr Balestra believes that a special alga is the efficient cause. 

Dr Salisbury has also aflirmed that the prevalence of measles in the Federal 
army arose from fungi from mouldy 8trav% He inoculated himself, his wife, 
and forty other persons with the fungi, and produced a disease like measles 
in from 24 to 96 hours. It is stated also that this disease was protective 
against measlea Dr Woodward (United Statrf^^jArmy) has repeated Dr 
Salisbury’s experiments, and does not confirm th%ih.§ 

Professor Hallier of Jena has to some extent adopted the view that fungi 
give rise to some of the specific diseases, and that the spores float in the air, 
and are thus communicat^ but the proofscare not satisfactory. || 

Dr D. D. Cunningham says that he was unable to connect any disease, in 
Calcutta, with the occurrence of bacteria or other bodies in the air, either as 
regards variation in kind or in quantity. 

Blackley found that Chaetimium datum (bristle mould) produced nausea, 
fainting, and giddiness, and the spores of penicillium (inhided) brought on 
hoarseness, going on to complete aphoxiia j the condition lasted two days, and 
ended ii^ a sharpish attack of catarrh. 

i. The Contagia . — ^Under this head it will be convenient to include the 
unknown causes of the specific diseases. That these in some cases (scarlet 
fever, small-pox, measles, typhus, enteric fever, plague, pertussis, yellow fev^, 
influeiusa^ &C.,) reach the person through them^iumof air (as well as in 
4 ^^me cases though water dr food) cannot be doubted. Some of these contagia 

* Annales d'Hygi^ne, March, 1876. 

+ Op.cU. . 

i I refer eepedaUv to Adam Neale, Cowdell, Mitchell, Hollaii^ find others. 

Oamii Deposes m the U.S. Army, 278. The ninjBpu is a Penicillium. Pr Wood (Pro- 
1ht8or«(<B9CRny iuthe University oi Philadelphia) has advanced (Amer. Jour, of Med^ Sd. 

, 1868) somehxtreniely strong botanical arguments against the view that nudariol diseases con 
"be owing tbftjmella. 

Ihf by Hoffler and others are contained in Hauler’s Zeitsdirift 




EFFECTS OF TOT CONTAGIA* tVf 

hme in some way a pow^ cif ^vrik and midtiplioation in the body of a 
susceptible animal^ but whether they can find nouiishinent, and thus grow in 
the air, is yet doubtfuL It seems dear, howeTer, that they can retain the 
powers of growth for some time, as the smallpox and scarlet fever poisons 
may infect the air of a room for weeks, and cattle plague and cmteric fever 
poisons wiU last for months,^ and in this they resemble the Frotococci and 
other low powers of life, which can be dried for years, and yet retain vitality. 

The exact condition of the agency is unknown ; whether it is in the form 
of impalpable particles, or moist or dried epithelium and pus cells, is a point 
for future iaymy ; and whether it is always contained in the suhkances dis- 
charged or thrown off from the body (as is certaioly the case in smallpox), or 
is produced by putrefactive changes in those discharges, as is suppos^ to be 
the case in cholera anobdysentery, is also a matter of doubt Bakewellf has 
collected dust deposited at a height of 7 or 8 feet in smallpox wards, which 
contained the minute scabs with the epidermic scales and variolous corpuscles 
which are thrown off i^m the skin in smallpox. The modem expositors of 
the old doctrine of fomites would consider these organic matters to be incon- 
ceivably minute particles of living, or to use Dr Beale’s phrase, bioplastic 
matter, which is capable, he believes, of wonderfully rapid growth under 
proper conditions. { From the way in which, in many cases, organic sub- 
stances in the air are absorbed by hygroscopic ladies, it would appear that it 
is often combined with, or is at any rate condensed with, the water of the 
atmosphere. 

The specific, poisons manifestly differ in the ease with which they are 
oxidised and destroyed. The poison of typhus exanthematicus is very readily 
ggt rid pf by free ventilation, by means of which it must be at once diluted 
and oxidised, so that a few feet give, under such circumstances, sufficient pro- 
tection. This is the case also wilth the poison of oriental plague, while, on 
the other hand, the poisons of smallpox and scarlet fever will spread in spite 
qf very free ventilation, ^d retain their power of causi^ the same disease 
for a long time. Is m that in one case the poison is a mere cloud of 
molecules ; that in the other it is contained in epithelium and pus cells, 
thrown off from the skin in both cases, and from the throat also in one ; and 
which adhering to walls, clothe^ &c., partially dry, can be rendered again 
active by warmth and moisture 1 In the case of malaria, the process of 
oxidation must be slow, since the poison can certainly be cairied for many 
hundred yards ; even sometimes for more than a mile in an upward direction 
(up a ravine for instance), or horizontally, if it does not pass over the surface 
of water. The poison of cholera also, it is supposed, can be blown by the 
winds for some distance; but the most recent observations on its mode of 
spread lead to the concltision that the portability of the poison in this way 
has been greatly pyerzated. 

But the specific poisons are not the only suspended substances which thus 
float through*the atmosphere. 

There can be no doubt that while purulent and granular ophthalmia most 
frequently spread by direct .transference of the pus or epithelium isells, by 
means of towds, &c., and tlmt erysipelas and hospital gangrene, in suzgiosl 
wards, are often carried in a similar way, by dirty sponges and dressings, 

* The long retention of power by the enteric fever poieon is shown by a case related to me 
py Dr Becher (Army Med. Department Beport, voL 10. p, 287). Tlia th’hoid ppison appears 
to have adhered to the walls and ceiling; and to have reudned its power to excite diseaiw in 
mother person fbr a month ; it was not destroyed by the heat of a very hot Ibdiaa station 
(Gw^or,)inPebniaiy. ^ ^ ^ 

t Med. and Qaaette, Dee. 7S 1872. 
TSoedmpteronDisinliBcaonforaftinerafidioeQfthesepoi^ ^ 



toother mode of transference is by the passage into Ibe atmosphere of disinA 
testing pus cells and putrifying organic particles, and hence the great 
emct of free ventilation in milit^ ophthalmia (Stromeyer), and in erysipelas* 
tod hospital gangrene. In both these diseases, great evaporation from the 
vails or floor seems in some way to aid the diffusion, either by giving a great 
degree of humidity, or in some other way. The practice of frequently wash- 
ing the floors of hospitals is well known to increase the chance of erysipelas. 

It is a question even whether we shall not be obliged to extend this view, 
tod to believe that every pus or epithelium cell, orevenformless organic sub- 
totoce, floating in the air, may, if it find a proper place or nidus in or on 
which it can bejeceived, communicate to its own action, and thus act as a true 
icontagiiun. 

, c 

Sub-Sbotion IL — Gaseous Matters. 


(a) Garhonic Acid , — ^The normal quantity of carbonic acid being *4 volumes 
per 1000, it produces fatal results when the amount reaches from 50 to 100 
per 1000 volumes ; and at an amount much below this, 15 to 20 per 1000, it 
produces, in some persons at any rate, severe headache. Other persons can 
inhale, for a brief period, considerable quantities of carbonic acid without 
injury ;t aud animals can be kept for a long time in an atmosphere highly 
charged with it, provided the amount of oxygen be also increased. In the 
air of respiration, headache and vertigo are produced when the amount of car- 
bonic acid is not more than 1*5 to 3 volumes per 1000; but then organic 
matters, and possibly other gases, are present in the air, and the amount of 
oxygen is also lessened. Well-sinkers, when not actually disabled from con- 
tinuing their work by carbonic acid, are often affected by headache, sickneos, 
and loss of appetite; but the amount ^f carbonic acid has never been 
determined. 

The effect of constantly breathing an atmosphere containing an excess of 
earbonic acid (up to 1 or 1*6 per 1000 volumes) is not yet perfectly know*. 
Dr Angus Smitht has attempted to determine the effect of carbonic acid per se, 
the influence of the oiganic nmtter of respiration being Eliminated. He found 
that 30 volumes per 1000 caused great feebleness of the circulation, with usual 
slowness of the heart's action ; the respiration% were, on the contrary, quickened, 
but were sometimes gasping. These effects lessened when the amount of car- 
bonic acid was smaller, but were perceptible when the amount was as low as 
1 volume per 1000 — an amount often exceeded in dwelling-houses. At the 
same time, this is not the case always, for in the air of a soda-water manu- 
factory, where the carbonic acid was 2 per 1000, Smith found no discomfort 
to be produced. The effects noticed by Smith have not been observed in ex- 
periments on animals (by Demarquay, W. Muller, and Eulenberg),§ nor in 
other cases in men, as in the bath at Oeynhausen, where no effect is produced 
by the air of the room in which the bathers remain for 30 to 60 minutes, although 
it contains a large percentage of carbonic acid. It has been supposed that lung 
diseases, especially phthisis, are produced by carbonic acid ; but as this opinion 
has been ^wn merely ^m the effects of the air of respiration, which is 
dlherwise vitiated, it cannot be considered to stand on any sure basis. Hirt 
fitids no symptoms of chronic poisoning by COg, even in trades where acute 
poisoning occasionally occurs, II 


t See my Rj^rts on St Mary's Hospital, loe, eit, (F. de C.) 

; 4 It iir«tatiir that Sir B. Chnstison has employed air oontainiiig 20 per cent, of carbonic acid 
as itSL ansBsthetie. Jurisprudence, 1565, p. 718.) 

J Air and Rain, p. 209, et, sea, § Quoted ^ Roth and Lex., op. eit. p. 176, 

11^ Kmnkheiten d^r Arbefter, Erste AbtheUnng, 2^ 1878, 


EFFECTS OF Ilff UBE <3^ASBOUS MATTERS. 

The |>re8eiRce ol a la^ in the av may lessen thd 

elimination of carbonic acid from the lungs, aiid thus retain tlm gas in the 
blood, and in time possibly produce serious alte^ions in nutrition. 

(b) Carbonic the immense effect of carbonic oxide, there is no 

doubt Less than one-half per cent has produced poisonous symptoms, and 
more than one per cent is rapidly fatal to animals. It appears from Bernard’s, 
and from Lothar Meyer’s observations,* that the carbonic oxide, volume for 
volume, completely replaces the oxygen in the bloo^ and cannot be again dis- 
placed by oxygen, so that the person dies asphyxiated \ but Pokrowsky has 
shownf that the carbonic oxide may gradually be converted into carbonic acid, 
and be in that way got rid of. It seems, in fact ^ Hoppe-Seyler conjectured, 
to completely paralyse, so to speak, the red particles, so that they cannot any 
longer be the carriers o^xygen. The observations of Dr Kleber} show that, 
in addition to loss of consciousness and destruction of reflex action, the car- 
bonic oxide causes complete atony of the vessels, diminution of the vascular 
pressure, and slowness of circulation, and finally, paralysis of the heart . A 
very rapid parenchymatous degeneration takes pl^ in the heart and muscles 
generally, and in the liver, spleen, and kidneys. Hirt§ says that at high 
temperatures (25** - 32** cent » 77® — 90** Fahr.) carbonic oxide produces con- 
vulsions, but not at low temperatures (8** 12** cent « 46® - 53* Fahr.)^ 

(c) Sulphuretted Hydrogen . — ^The evidence with regard to sulphuretted 
hydrogen is contradictory. While dogs and horses are affected by compare 
atively small quantities (1*25 and 4 volumes per 1000 volumes of air),^nd 
suffer from purging and rapid prostration, men can breathe a larger quantity. 
Parent-Duchfitelet inhaled an atmosphere containing 29 volumes per 1000 for 
some short time. II 

when inhaled in smaller quantities, and more continuously, it has appeared 
in some cases harmless, in others lurtfuL Thackrah, in his inquiries, could 
trace no bad effect It is said that in the Bennington chemical-works, where 
t]^e ammoniacal liquor from the Edinburgh gas-worl^ is converted into sidphate 
and chloride of ammonium, the wogckmen are exposed to the fumes of hydro* 
sulphate of ammonia, gnd of hydrosulphuric acid, to such an extent that coins 
are blackened ; yet no special malady is known to result The same observa- 
tions have been made at the Britannia metal-worl^ where a superficial deposit 
of sulphuret is decomposed withtwids. 

HirtU has no doubt of the occurrence of chronic poison among men who work 
among large quantities of the gas. The symptoms are chiefly weakness, 
depression, perfect anorexia, slow pulse, furred tongue, mucous membrane of 
the moirth pale, as is also the face. Sometimes there is furunculoid erup- 
tion in different parts of the body. In some cases there are vertigo, headache, 
ioausea, diarrheea, emaciation, and head symptoms, “like a case of very slow- 
running typhus.” He notices differences of susceptibility, which is also 
sometimes increased with custom. 

So large a quantity of SHj is given out from some of the salt marshes at 
Singapore, that slips of paper moistened in acetate of lead ore blackened in 
the open air, yet, not only is no bad effect found to ensue, but Dr Little has 

* De Sanguine Oxydo Corbonico Infecto, 1858. Reviewed in Virchow’s Arohiv, band xv. 
p. 309. Bee also Letneby, Chemical News, April 1862. 

f Virchow’s Archiv, band xxx. p. 525 (1^4). 

i Ibid, band xxxii. p. 450 {1865>. 

8 Qp. cO. 

II On doffs, Herbert Barker found a lamr quantity necessary than that stated above : viz.. 
4*29 per 1000 is rapidly fatal ; 2*06 per lOTO may be fatal j but *5 per 1000 may ^rodniib serious 
symj^ms. 

%Op.6U^ 
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; 00 ii||e^^ (oil yeiy disimtable gnmnds^ liowererj) tiiai SH, iiay 

Oil the othet hand, some of the wont maishes in Itdy these in irhioh 
BE^ exiate in lazge quantity in the air, and, in direct opposition to Little, it 
h^ been supposed that the highly poisonous action of the maidi gas isbda^ly 
omhg to the sulphuretted hydioi^n. Ag^n, in the making of the llwmes 
!lSinnel, the men were exposed to SH^ which was formed from the decern-* 
position of iron pyrites ; after a time they became feeble, lost timir appetites, 
and finally passed into a state of great prostration and aniCTni a, Kor, as far 
as is known, was there anything to account for this except the presence of 
sulphuretted hydrogen.* 

I)r Josephson and Bawitsf have ako investigated in mines effects produced 
apparently by sulphuretted hydrogen ; two forms of adisease are produced-^ 
pure narcotic, and convulsiye and tetanic symptoms. In the fiist cas^ the 
men became pale, the extremities got cold. There was headache, vertigo, a 
small weak piUse, sweating, and great loss of strength. On this, spasms and 
tremblings sometimes followed, and even tetanus. These symptoms were 
acute, and not, as in the Thames Tunnel case chronic. "Whea these attacks 
occurred, the temperature was high and the air stagimni 

The obversations of Clemens, also, on the development of boils from the 
passage of SH 2 into the drinking water from the air, if not convincing, cannot 
be overlooked. (See page 66. {) 

The symptoms produced hy ammonium sulphide in dogs are said, by 
Herbert Barker, § to differ from those of SHj. There is vomiting without 
puilg^ng, quickened pulse, and heat of skin, followed hy coldness and rapid 
sinking. When sulphuretted hydrogen and ammonium sulphide, dissolvedin 
water, are injected into the hlood,|| they, and especially SHg, produce the 
same symptoms as the injection of non-co^uscular putrid fluids viz., profuse 
diarrhoeal evacuations, with sometimes marked choleraic symptoms and 
decided lowering of the temperature of the' body, congestions of the lungg, 
liver, spleen, and kidneys, irritation of the spine, and opisthotonos. But, in 
this case, a much larger quantity will he introduced, than by inhalation 
through the lungs. 

(d) Carburetted Hydrogen, — A, large quantity of carhuretted hydrogen can 
he breathed for a short time ; as much, perfiaps, as 200 to 300 volumes per 
1000. Above this amount it produces symptoms of poisoning, headache, 
vomiting, convulsions, stertor, dilated pupi^ &o. 

Breathed in small quantities, as it constantly is hy some miners, it has not 
been shown to produce any had effects ; hut there, as in so many other cases, 
it is to he wished that a more careful examination of the point were made. 
Without producing any marked disease, it may yet act injuriously on the 
health. Hirt says that cases of chronic poisoning are not uncommon. 

(e) Ammoniacal Vapours . — ^An irritating effect on the conjunctiva seems 

to he the mo^ marked effect of the presence of these vapours. I am not 
aware of any evidence showing any other effect on the heal& (See Schloes- 
ing, 1876, vols. L and IL) V 

i. (j) S%^j^urous Add The bleachers in cotton and worsted manu« 
factories^ ahid storeis of woollen articles, are exposed to this gas, the amount 

Med. Jurisp. 18«6, p. 727. ~ ~~~~ 

i* Boomid^a Jahr. band cz. u. fti. and band ezrii. u. 85. - 

% 1 notioa, in tbe Account o^e new Laboratory at Leipsig, that Kolbe haa made a apeofal 
airai^nieiit tbr tka anpply of BIL from mometar^ aa tha cnatom of iiach maii raakiim tSa gaa 
bima^f e?olTaa -80 mneh that tba baalih of aU who an woihiikin tha room anUbta. |0aa Kano 
Cham. Lab. TQin UniY. Leipzig, p. 20.) 

I pn Maiadsand Miaamata, p. 212, ll Weber, Byd. Boc. Teur-Book for 1874, p. 227, 



EFFECTS OF IMPURE AIR, 

of whieh in tibe alanospbeie however, tOikhawiL The men suffer from 
bronchitis, and are frequently sallow and ansemic.^ 

When suiphuirous acid is erolTed in the open air, and therefore at once 
largely diluted, as in copper smelting, it does not appear to produce any bad 
effects in men, though i^m being wa^ed down with rain, it affects h^bage, 
and, through the h^bage, catde, causing affections of the l^nes, falling off of 
the hair, and emaciation. 

(ff) Hydroddoric Acid Vapours in large quantities are very irritating to 
the lungs ; when poured out into the air, as was formerly the case in the 
alkali manufactures, they are so diluted as apparently to pi^uce no effect on 
men, but they completely destroy vegetatioiL In some processes for making 
steel, hydrochloric, sulphurous and nitrous acids, and chlorine are all given 
out, and cause bronchitt^ pneumonia, and destruction of lung tissue, as well 
as eye disea8es.t 

(h) Carbon Bisulphide.^ — In certain processes in the manufacture of 
vulcanised india-rubber e noxious gas is given off, supposed to be the vapour of 
carbon bisulphide. It produces headache, giddiness, pains in the limbs, 
formication, sleeplessness, nervous depression, and complete loss of appetite. 
Sometimes there is deafness, dyspnoea, cough, febrile attacks, and sometimes 
even amaurosis and parapl^fia (Delpech). llie effects seem due to a direct 
amesthetic effect on the nervous tissue. 

Sub-Sbotion III — ^Effect of Air Impure from several Substances^ 

ALWAYS C0-Ex1STIN0. 

The examination of the effects of individual gases, however importani^ can 
nei^r teach us the results which may be produced by breathing air rendered 
foul by a mixture of impurities. The composite effect may possibly be very 
different from what would have been anticipated from a knowledge of the 
action of the isolated substances. 

fa) Air rendered Impure by RespiraMon (see page 102). The effect of the 
fcetid air containing oiigpiic matter, excess of water and carbonic acid, pro- 
duced by respiration, is very marked upon many people ; heaviness, headache, 
inertness, and in some cases nausea, are produced. From experiments on 
animals in which the carbonic acid and watery vapour were removed, and 
organic matter alone left, Gavarret and Hammond have found that the organic 
matter is highly poisonous. Hammond found that a mouse died in forty- 
five minutes, and I have known cases in which the inhalation of such an 
atmosphere for three or four hours produced in men decided febrile symptoms 
(increased temperature, quickened pulse, furred tongue, loss of appetit^ and 
thirstt, for even twenty-four or forty-eight hours subsequently. 

IVhen the air is rendered still more impure than this, it is rapidly fatal, as 
in the cases of the Black Hole at Calcutta; of the prison in wUch 
300 Austrian prisoners were put after the battle of Austerlitz (when 260 died 
very rapidly) ; and of the steamer Londonderry. The poisonous agendes aro 
probably the organic matter and the deficient oxygen, as the symptoms are 
not those of pure asphyxia. If the persons enirvive, a febrile condition is left 
behin^ which lasts thi^ or four day^ or there are other evidences pi ejected 
nutrition, such as boils, &a 

When air more moderately vitiated by respiration is breatiied for a longer ' 

* On tlbs other han^ pwsoiu here eemetiiiies a notion that the 

ofaul^urone add are good the healtii ; I hare been told so by people in the heigh- 
'^^i^^ ofyeenvina. (P. de^C.> ^ ^ 

f dohiaa--Cinetatt*i Jahresb. for 1863^ bai4 vIL p. 7^ » 



penody moie continuously, its offects become opmplioated 
otber conditions Usually a person wbo is compelled to breatbe such 
an atmospbere is at the same time sedentary, and, perhaps, remains in a con- 
sMned position for several hours, or possibly is ako undmvfed or intemperate. 
But allowing the fullest effect to all other agencies, there, is no doubt tl^t the 
breathing the vitiated atmosphere of respiration ha« a most ixguiious effect on 
the he^thu* Persons soon become pale, and partially lose their appetite, and 
after a time decline in muscular strength and spirit8.t The a&ration and 
nutrition of the blood seem to be interfered with, and the general tone of the 
system falls below par. Of special diseases it appears pretty clear that 
pulmonary affections ore more common. 

Such persons do certainly appet^ to furnish a most undue percentage of 
phthisical cases ; that is, of destructive lung-tissue disease of some kind. The 
production of phthisis from impure air (aided most potently, as it often is, by 
coiucident conditions of want of exercise, want of good food, and excessive 
work) is no new doctrine. X Baudelocque long ago asserted that impure air is 
the great cause of scrofula (phthisis), and that hereditary predisposition, 
sypMis, nncleanness, want of clothing, bad food, cold and humid air, are by 
themselves non-effective. Carmichael, in his work on scrofula (1810), gives 
some most striking instances, where impure air, bad diet, and deficient exer- 
cise concurred together to pr^uce a most formidable mortality from phthisis. 
In one instance, in the Dublin House of Industry, where scrofula was 
form^ly so common as to be thought contagious, there were in one ward 60 
feet long and 18 feet broad (height not given), 38 beds, each containiiig four 
children ; the atmosphere was so bad that in the morning the air of the ward 
was unendurable. In some of the schools examined by Carmichael, the^iet 
was excellent, and the only causes for the excessive phthisis were the foul air 
and want of exercise. This was the Saae also in the house and school 
examined by Neil Amott in 1832. Lepelletier (Traits Complet de la Maladie 
Scrophuleuse) also records some good evidence. Professor Alison,^ of 
Edinburgh, and Sir James Clark, in his invaluable work, lay great stress on 
it. Noil Arnot, Toynbee, Guy, and others, brought forward some striking 
examples before the Health of Towns Commission (First Report, 1844, vol, 
L pp. 62, 60, 69, 79, &c.). Dr Henry MacCormac has insisted with great 
cogency on this mode of origin of phthisis ; and Dr Greenhow, in his Report 
on the Health of the People of England,” also enumerated this cause as 
occupying a prominent place.§ 

In prisons, the great mortality which formerly occurred from phthisis, as 
for example at Millbank (Baly), seemed to be owing to bad air, coiijoined 
with inf erior diet and moral depression. 

Two Austrian prisons, in which the diet and mode of life wer^ it is 
believed, essentially the same, offer the following contrast : — ^ 


* See, among a number of other instancee. Guy’s evidence before the Health fif lFawns Com- 
miesloh, vol i, p. 89, €t sea,, and 8. Smith, ibid. p. S7, aegf. 

+ See Wilson^s Observations on Prisoners, already cited, page 108. 

, 4: The following statistioe (Ransom, Sanitary Record, vol. vi.) are Instruetivet Death-mte 

fW>m dieeases of the reapiratoiv organa for afi England, 8*54 for Salford 5*12 ; for 

registration district of Manoheettf, 6*10; for township of Manchester in 1874, 7*7 j for West- 
mondand (one of the healthiest counties) 2*27 ; for North Wales, 2^51. For diitpams showing 

^ *^1*^^** * * ^^ diw***** 0^ my Jjectnres 

I The (^servations of the^eveloinneiit of what aif ^ppmntly tdbercular lesions fh>m the 
elieoMioni& the blood of pus of septie rmstter deiiM Irain ieoenlation in guinea pigs, by 
BnidoB-SsttdeiBon and WilMU Fo^ seem to give support the conjecture, that in these coses 
of tabetm ftom foul air, some coipnsoidair aubstahees mlw be drawn into, and set up disease 
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In thd piison of LdoiK}ld8tiBult) at Vienna, wldoh very badly ventilated, 

’ there died in the years 1834-1847, 378 piisoni^ out of 4280, or 86 per 1000, 
and of these no less thaii 220, or 61*4 per 1000, died from phthisis; there 
Were ho less than 42 cases of acute miliary tuberculosis. 

In the well-ventilated House of Correction in the same city, there were in 
five years (1860-1854) 3037 prisoners, of whom 43 died, or 14 per 1000, and 
of these 24, or 7*9 per 1000, died of phthisis. The comparative length of 
sentences is not given, but no correction on this ground, if needed, could 
account for this discrepancy. The great prevalence of phthisis in some of the 
Indian jails appears to have been owing to the same cause, combined with 
insufficient diet 

The now well-known fact of the great prevalence of phthisis in most of tho 
European armies (FreiAh, Prussian, Bussian, Belgian, and English) can 
scarcely be account^ for in any other way than by supposing the vitiated 
atmosphere of the barrack-room to be chiefly in fault This is the conclusion 
to which the Sanitary Commissioners for the army came in ^their celebrated 
report And if we must also attribute some influence to the pressure of 
ill-made accoutrements, and to the great prevalence of syphilis, still it can 
hardly be doubted that the chief cause of phthisis among soldiers has to be 
sought somewhere else, when we see that with very different duties, a variable 
amount of syphilis, and altered diet, a great amount of phthisis has prevailed 
in the most varied stations of the army, and in the most beautiful climatq; ; 
in Gibraltar, Malta, Ionia, Jamaica, liinidad, Bermuda, &c. (see history of 
these stations), in all which places the only common condition was the vitiated 
atmosphere which our barrack system everywhere produced. And, as if to 
clench the argument, there has been of late years a most decided decline in 
phthisical cases in these stations, T^jhild the only circumstance which has 
notably changed in the time has been the condition of the air. So also the 
extraordinary amount of consumption which has prevailed among the men of 
the^Boyal and Merchant Navies, and which, in some men-of-war, has amounted 
to a veritable epidemic, is in all probability attributable to the faulty ventila- 
tion.* * 

The deaths from phthisis in the Royal Navy averaged (3 years) 2*6 per 
1000 of strength, and the invaliding 3*9 per 1000. The amount of consump- 
tion and of aU lung diseases was remarkably different in the different ships. 
Those inferences have received the strongest corroboration from the outbreak 
of a lung disease leading to the destruction of lung tissue in several of the 
ships on the Mediterranean station in 1860. Dr Bryson traces this clearly to 
contamination of the air, and notices that in several cases the disease appeared 
to be propagated from person to persomf It may be inferred that pus cells 
were largely thrown off during coughing, and, floating through the air, were 
received into the lungs of other persons. 

The production of phthisis in animals confirms this view. The case of the 
monkeys in the zoological gardens, narrated by Dr Amott, is a striking 
instance. Cows in close stables frequently die feom phthisis, or at any rate 
txom a destructive lung disease (not apparently pleuro-pneumonia) ; while ^ 
horses, who in the worst stables have more free air, and get a greater amount " 
of exercise, axe little subject to phthisis. But not only phthisis may reason- 
ably be considered to have one of its modes of origin in the breathing an 
atmosphere contaminated by xei^iration, but other lung diseasei^ bronchitis 


Exports an the Health of flie Haty, 
the l^lth of ihoWel Navy, 1862, pp.‘ 44 and H 
+ Twas. of the Epi^eih. S*. voL il. p. 142. 
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ftitui pr^li^hn^ rit^tl^J appear also to 1)6 more common in sttcli drcnmetences. Both 
cuho^ Muaien civiliani working in confined cloiM roomd} who axe other** 
so differenfly circninstanced, we find an excess of the acute lung^ affec- 
tions. The only circumstance which is common to the two classes is tho 
iinpine atmoephere. (Compare especially (Savin Mihroy and Greenhow.) 
The favourite belief that these diseases are caused by tranutions of tempera- 
ture and exposure to weather, has been carried too far. ^ ^ 

In addition to a general impaired state of health, arising, probably, from 
faulty Oration of the blood, and to phthisis and other lung affections which 
may reasonably be believed to hai^ their origin in the constant breathing of 
air vitiated by the oiganic vapours and particles arising from the person, it 
has long been considered, and apparently quite correctly, that such an atmo- 
sphere causes a more rapid spread of several specific tliseai^ especially typhus 
exanthematicus, plague, small-pox, scarlet fever, and measles. This may arise 
in several ways ; Ihe specific poison may simply accumulate in the air so 
imperfectly chanj^, or it may grow in it (for though there may be an 
andogical argument against such a process, it has never been disproved, and 
is evidently not impossible) ; or the vitiated atmosphere may simply render 
the body less lesisti^ or more predisposed. 

(6) Air rendered Impure by ExhalaHona from the Sick . — ^The air of a sick 
wan^ containing as it does an immense quantity of organic matter, is well 
. known to be most iigurious. The severity of many diseases is increalaed, and 
convidescence is greatly prolonged. This appears to hold true of all dishes, 
but especially of the febrile. At a certain point of impurity, erysipelas and 
hospitd gangrene appear. The occurrence of either disease is, in f^t, a con*> 
demnation of the sanitary condition of the ward. It has been assert^ dhat 
hospital gangrene is a precursor of exa^thematic typhus,^ but probably the 
introduction at a particular time of the specific poison of typhus was a mere 
coincidence. But, doubtless, the same foul state of the air which aids the 
spread of the one disease would aid also that of the other. c 

When hospital gangrene has appeared, it is sometimes extremely difficult 
to get rid of it Hammondf states that in a ward of the New York City 
Hospital, where hospital gangrene had appeared, removal of the furniture and 
patients did not prevent fresh patients being attacked. Closing the ward for 
some time and whitewashing had no effect The plastering was then 
removed, and fresh plaster applied, but still cases recurred. At l^t the entire 
walls were taken down and rebuilt, and then no more cases occurred. 

It is now well known that by the freest ventilation, i.e.y by treating men in 
tents or m the open air, hospital gangrene can be entirely avoided. ]: The 
occurrence of hospital gangrene in a tent is a matter of the rarest occurrence. 

(e) Air rendered Impure by CembtisHon. — Ot the products of combustion 
wmch pass into the general atmosphere (see page 105), the carbonic acid and 
carbonic oxide are so largely and speedily diluted that it is not likely ihey 
can have any iiffiaence on health. The particles of carbon and tarry matter, 
and the sulphurous acid, must be the active agents if any iiyuiy results. It 
has been8upp0(»ed that molecular carbon and sulphurous acid, instead of being 
* iujurious, may even be tueful as disinfectants, and we might a priori condude 
to a certain extent they must so aot^ but certainly i^re is no evidence 
that the smoky air of our cities, or of our colliery dis^ts, is ficeer from the 

* See GuiUettSa, BecnsU ds Htodfis de MedL jiad Pliarm. Militaixei^ No. 15ft. 1574. 

1 84e Cwpisr OB Honpital^ «iid Itroflmir Jitlbgk4&*8 Addreif da PyAmla in tho Bjdoidiaiia 

and. Beport on Byginne, by the Author, in the Ariny 
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poiaoiifl of ihd specific diseasea the air of . It has been sup- 

• posed, indeed, that the air of large cities is paz^ularly antsj^nistic to 
malazia, but there are probably oth^ caiuies a6ting.here. The solid particles 
of carbon, and sulphurous acid gas, may, on the other hand, hare injurious 
effects. It is not right to ignore the mechanic^ effect of the fine TOwder of 
coal so constantly drawn into the lungs, and even the possibility of irritation 
of the lungs from sulphurous acid. Certain it is, that persons with broiichitis 
and emphysema often feel at once the enlaunce into the London atmosphere ; 
and in^vidual experience will, I believe, lead to the opinion that such an 
atmosphere has some effect in originating attacks of bronchitis, and in delay-^ 
ing recovery. But statistical evidence of the effect of smoky town atmo- 
spheres in producing lung affections on a large scale cannot be given, so many 
are the other conditions which complicate the problem. 

The effect of breathing the products of combustion, of gas especially, is 
more easily determined. In proportion to the amount of contamination of 
the air, many persons at once suffer from headache, heaviness^ and opprech 
sion. 

Bronchitic affections are frequently produced, which are often attributed to 
the change from the hot room to the cold air, but are really probably owing 
to the influence of the impure air of the room on the lungs. 

The effects of constantly inhaling the products of gas combustion may be 
seen in the case of workmen whose shops are dark, and who are compell^ to 
burn gas during a large part of the day ; the pallor, or even anaemia al^d 
gener^ want of tone which such men show, is owing to the constant inhala- 
tion of an atmosphere so impure. 

(^) Air rendered Impure by the Oaa and Effluvia from Sewers and House 
Drains . — Cases of asphyxia from sulphuretted hydrogen, sulphide of 
ammonium, carbonic acid, and nitftgen (or possibly rapid poisoning from 
organic vapours), occasionally occur both in sewers and i^m the opening of 
ol^oosspools. In a case at Clapham, the clearing out of a privy pr^uced in 
twenty-three children violent vomiting and purging, headache, and great 
prostration, and convulsive twitchings of the muscles. Two died in twenty- 
four hours. (“ Health of Towns Eeport,” vol i p. 139.) 

These are instances of mephitic poisoning in on intensd degree ; but when 
men have breathed the air of a nemy opened drain m much smaller amounts, 
marked effects are sometimes produced; languor and loss of appetite are 
followed by vomiting, diarrhoea, colic, and prostration. The effluvia which 
have produced these symptoms are usually those arising from a drain which 
has been blocked for some time. When the air of sewers penetrates into 
houses, and especially into the bed-rooms, it certainly causes a greatly 
impair^ state of health, especially in childron. They lose appetite, become 
pale and languid, and suffer from diarrhoea; older persons suffer from 
headaches, malaise, and f everishnesss ;. there is often some degree of anaemia, 
and it is clear that the process of action of the blood is not perfectly carried 
on.* 

In some cases I have kno decided febrile attacks lasting three or four 
days, and attended with great headache and anorexia. Houses into which 
there has been a continued escape of sewer air have been so notoriously 
unhealthy that no'perspns would live in them, and this has not been only 
^Dathe prevalency of fever, but from other diseases. Dr Marston (late B-A.), 
in his excel lent pa;^r on the Fetryvof Malta,! tells us that when typhoicl fever 

♦ Healtli of Towns Bepovt See the evidettea of Bigbv, toL L p. 151, and of 

Al^, voL t u 116. 

+Army MeS. neport for 1861, 486. * ' 
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broke put at the Fca?t of Lascans, from the opeusng of a diain, other affectioufl 
y eie gjnmlfaHrieoudy developed, visL^ ^^diairh^ dyaenteiy, 8%ht pymjdUd 
diaordeis, aud dieea^ of the ^limary asBimilative organs.” A close examiua- 
tion and analysis of the affections produced hy the inhalation of sewer air, 
Would probably much enlaige this list; and the class of a^ections result!^ 
&pm cause, to which it may be difiScult to assign a nosological name, will 
bb found, I believe, to be essentially connected with derangement of the 
digestive rather than with the pulmonary system. 

Dr Herbert Barker^ has attempted to submit this question to experiment 
by conducting the air of a cesspool into a box where animals were confined. 
The analysis of the air showed the presence of carbonic acid,, sulphuretted 
hydrogen, and ammonium sulphide. The reaction of the gas was usually 
neutral, sometimes alkaline. The gas was sometimen^ offensive, so that organic 
vapours were probably present ; but no analysis appears to have been made 
on this point Three dogs and a mouse were experimented on ; the latter 
was let down over the cesspool, and died on the fifth day. The three dogs 
were confined in the box ; they all suffered from vomiting, purging, and a 
febrile condition, which, Dr B^ker says, ^‘resembled the ni^der forms of 
continued fever common to the dirty and ill-ventilated homes of the lower 
classes of the community.” But the effects required some time, and much 
gas for their production. Dr Barker attributes the results, not to the organic 
matter, but to the mixture of the three gases, carbonic acid, sulphuretted 
hydrogen, and sulphide of ammonium, and specially to the latter two. 

The effect on the men who work in sewers which are not blocked, or 
temporarily impure from exceptional disengagement of sulphuretted hydrogen 
from any cause, f has been subject to much debata The air in many segv^ers 
in London is not very impure ; the analyses of Letheby and Miller have 
shown that generally the amount of carbonic acid is very little in excess of 
that in the external air, and that there is hardly a trace of sulphuretted 
hydrogen, or of fcetid organic effluvia. The air in the house drains is often, 
ih fact, more impure them that of the main sewers. This is the case also in 
other places, and is to be accounted for by the nifimerous openings in the 
sewers, from the porosity of the walls, from the continual ventilation produced 
by the air being diawn into houses, and^from the amount of water in the 
sewers being often so great^ and its flow so rapid, as to materially lessen the 
chances of generation of gas. The evidence is, on the whole, opposed to the 
view that sewer-men suffer in health in consequence of their occupatioiL 
Thackrah states^ that sewer-men are not subject to any disease (apart from 
asphyxia), and are not short-lived. He cites no evidence. Parent-Duch&telet§ 
came, on the whole, to the same conclusion as regards the sewer-men of Paris 
in 1836. Be says that there are some men so affected by the air of sewers 
that they can never work in them ; but those who can remain suffer only 
ii^m a little ophthalmia, lumbago, and perhaps sciatica. They consider 
otherwise their occupation not only innocent, but> as favourable to health. 
The only fact adverse to this seemed to be that the air of the sewer greatly 


*.Oa Malaria and Miasmata, 1868. p. 176, et seg. 

t^atal cases have occurred both in London and Liverpool sewen from the lapid evolution 
of SHf, either from gas liquid, or, in Liverpool, from the action of acids passing into the 
'sewers, and meeting with sulphide of calcium in the refuse dmved from alkali manufactories. 

' 1 The Effects of Arts, Trades, and Professions on Health, 1831^ p. 118. 

8 Puhlique, vol. i. p, 247 (1886). The conclusion of Parent-Duchfttelat are not 

eunieiy JnstiAed by his evidence. The number of men he examined was small, and many of 
.them had been employed for a short tinm only in the sewen ; it also appeared that a consider- 
able number had actually suffered from bilious and cerebral affecUons. (See the former 
^nditiona of this work.) f 
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aggravated the venereal disease, and those 'who persisted in working with 
disease on them inevitably perished^ The working in deei]^ old sewage 
matter produced an eruption on the parts bathed by the mud, which lesembl^ 
itch sometimes, or was phlyctenoid in character. 

An inquiry lately conducted into the health of the sewen-men in London 
did not detect imy excess of disease among them,* and I was informed that in 
Liverpool also the sewer-men have good health. The workmen employed at 
the various sewage outfalls, and who, though not in the sewers, breathe the 
effluvia arising ^m the settling tanks, do not find it an unhealthy oc- 
cupatioxL 

It does not appear, therefore, that at present the workmen connected with 
fairly ventilated sewers show any excess of disease ; at the same time, it must 
be allowed tlflit the inquiry has not been very rigorously prosecuted, and that 
the length of timp the men work in sewers, their average yearly mortality, 
dischcu^ from sickness, loss of time from sickness, and the effect product 
on their expectation of life, have not been perfectly determined. 

The air of sewers passing into houses aggravates most decidedly the severity 
of all the exanthemata — erysipelas, hospital gangrene, and puerperal fever 
(Bigby); and it has probably an injurious effect on all diseases. That 
pneumonia may be produced is shown by the case of the East Sheen 
School 

Two special diseases have been supposed to arise from the air of sewers wd 
faecal emanations, viz., diarrhoea and typhoid ^enteric) fever. 

With regard to the production of diarrhoea irom fsecal emanations, it would 
seem that the autumnal diarrhoea of this country is intimately connected with 
tei^perature,t and usually commences when the thermometer is persistently 
above 60 ^, and when there is, at thg time, a scarcity of rain-fall It is worst 
in the badly-sewered districts, and is least in well-drained districts, and in wet 
years. It nas been checked in London by a heavy fall of rain. All those 
points seem to connect it with faecal emanations reaching a certain rapidity of 
evolution in consequence of high temperature, deficient rain, and perhaps 
relative dryness of the atmosphere. At the same time, there is a connection 
between this disease and impure water. It may own a double origin, and in 
a dry season both cases may be in^operation. 

That enteric fever may arise from the effluvia from sewers is a doctrine VOTy 
generally admitted in this country, and is supported by strong evidence. 
There are several cases on record in which this fever has constantly prevailed 
in houses exposed to sewage emanations, either from bad sewers or firam want 
of them, and in which proper sewerage has completely removed the fever, J 
Many of these cases occurred before the water-carriage of typhoid was recog- 
nised, but yet the connection between the sewage emanation and the fever 
seem undoubted. 

This evidence is supported by cases in which the opening of a drain has 


- * Tn reftimioe to this point, however, a writer in the Lancet (April 1872) very justly pointed 
out that the statistics are very imperfhet, in taking no notice of men who liave oeen discharged 
or who have died. 

f Ransome and Vernon, Influence of Atmosph. Changes on, Dis. p. 8, 

±In Health of Towns K^rts and Evidence, Mr Simon's Reports, Dr Lethehy’s Reports, 
^ Adand's Reports on Fevers in Ajpnrictiltaral Districts, and the Reports of the Medical 
Officer to the Pnvy Council, will be found abundant evidence in support of this assertion. 
Many provincial towns in E^land could give similar evidence, as HorVi<^ (See Dr 
metodson's 'Report^ Medical Times and Gmtte, Jan. 1862). The case of Calstock* in 
iMvo^klre, may be also noted. It used to be dways liable to outbreak of typhoid fever, hilt 
Mtewie dndnam Of the place the fever disappeared. (Bristowe in Trans, or Epid. Soc. vol. i. 

Mib^isofl has not only adopted this view, but hsis propoKied to give the term 
‘^pythogenicfsvei^' to typhoid. 
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to decide typhoid fevwr,* aa well as to a veEry fatal diaeisrte (pK> 
bahly^ l^hoidX in whioh coina is a znaiked aymptonL So also in some 
inst^cea (Windflor and Worthmg)t the spi^ of enteric fever has evidently 
oaring to the conveyance of effluvia into houses by the agency 
of unventilated sewers. In a case mentioned to me by a frien^ an outbreak 
of enteric feverin a^raining^hool was localised in certainparts of the school 
(whereas the drinking water was common to all), and was traced to imperfeo* 
tion of traps in those parts of the house which were affectecL In this case 
the drains led down to a large tank at some distance, and at a much lower 
level, and the smell of the effluvia was so slight that at first it was not 
believed that the drains could be but of order. A very good case is given by 
Surgeon Page,| of the 6th Dragoons, in his description of an outbreak of 
typhoid fever at Newbridge, following discontinuance of the ui^ (on account 
of repairs) of a ventilating shaft for the sewem. S^wer-gas got into 
the barracks, and several cases (some fatal) of typhoid fever occurred. Other 
possible causes were carefully inquired into and eliminated.§ These two 
classes of fact seem decidedly to show a causal connection between the effluvia 
from sewers and excreta j|nd enteric fever, and they are supported by the 
statistical evidence which proves that the prevalence of typhoid fever stands 
in a close relation to the imperfection with which sewage matters are removed.|| 
The army statistics give excellent instances of thii^ and the evidence produced 
by Dr Buchanan of the prevalence of typhoid fever before and after sewerage 
of a town is to the same effect. IT 

It seems difficult not to admit that the effluvia from the sewers will produce 
typhoid, and yet there are some remarkable f^ts which can be cited on the 
otW sida o 

It has been denied by Parent<DuclAte]|^t and by Guy** that typhoid fever 
is more common among sewer-men than others, and late inquiries among the 


* The cases of Croydon, Peckham, Westminster, Fleet Lane. Hammersmith, and Malta ^re 
Here refeiTed to. See Murchison on Fevers, p. 436, et aeq. The Hammersmith case is one men- 
tioned by ^bington (British Medical JournA, May 3, 1362). The case at Malta is mentioned 
by Marston (Army Medical Rejrort for 1861, p. 48o). I have be4h informed of a similar case ; 
and it was also affirmed that the evacuations of some patients with typhoid fever had been 
received two years before into the drain. Riecke (Der Rriegs und Frieden-Typbus. 1860, p. 
61) has collected many cases ; so also Gietl (Die Unracbeh des £nt. Typh, in Munich, 1862). 
In a case recorded by Dr Buzzard (Lancet, Nov. 1868), h rain water pipe communicating with 
the dlMharge pipe of a closet led the effluvia into the house ; seven persons out of forty were 
attacked. Dr Orton of Newoastle-nnder-Lyne has recorded an outbreak in that city (Med. 
Times and Gazette, April 1872), arising from sewer gas ; no case of typhoid had occnrred in 
the town for some time, and the water was above suspicion. Dr Fergus of Glasgow, who has 
paid great attention to the conditions of water-closet and sink pipes, and has pointed out how 
rapidly they decay and get out of order, has noted several cases. In a case at Preston, recorded 
in the Medical Times and Gazette,- Feb. 10, 1872, the gas forced back in a drain by the rise of a 
rivinr, into which the drain opened, caused typhoid fever in several persons. In Croydon, 
in 18 to, Buchanan mentions that the sewer gases were forced noisily back the traps of water- 
dosets in several houses, in which outbreaks of typhoid occurred a lew days afterwards. 

t Ninth Report of Medical Officer to Privy Council, p. 44. 

f Army Med. Report vol. XV. p. 301. 

I An outbreak at Kinsale, apparently due to sewer effluvia, is narrated by Surgeon-Miuor 
Wdlaoe, Alnny Mad. Reports, vd. zvii. p. 66. The inquiry seems to have be^ very oareJhmy 
made. 

II The Medical Inspectors of the Privy Council are fhlly alive to the occasional propagation 
of typhoid fever by water, and yet the doctrine that the disease can be conveyed in tbe air is 
ftmuy held by them, and few men have more experience. (See Mr Netten Radoli.ffe’s Report on 
Fever at Bradford in 1872.) Grdsinger also has no donbt, trom a large experience, of the 
orto of typhoid fever in this wav, 

f Klii& Report of Medical Offloer to the Privy Council^ p. 44. In 21 English towns the 
liverage redaction of typhoid mortality M/ttor sewage wee 46'4 per cent, In many of the towns 
an improved water supply was introdu^ at the same time, out the purification of the air by 
sawersA. and cleanliness has, it, is helteved by Buchanan^ ** been most uniformly foUowed 
J^a fml ill the provalence of typhoid.** ** 

; ^ Journal of we S^tisticid ^iety, 1848, 
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sewer-men of London seem to bear out the assertion, But^ as already stated, 
the air of London sewers is really tolerably pure ; and some of the men may be 
protected by previous attacks, for typhoid fever is a most common diaease 
among the poorer children in London. Murchison * and Peacock also state, 
on the other side, that enteric fever is not uncommon among i^weivmeiL 
This argument, therefore, is not of great weight 

The evidence is very strong that the men employed at the sewage tanks and 
on the sewage farms, and their families, dp not show an unusual amount of 
typhoid; nor do the persons living in adjacent houses. ISTow, if sewage 
emanations can cause typhoid fever, it might be expected that we should % 
this time have had plenty of evidence of (his special effect Again, in our 
rural villages, and in many farm houses, the excreta of men and animals liter- 
ally cover the ground, ^d it might have been anticipated that enteric fever 
would never be absent If this is the case in this country, it is still more so 
in China, where the excreta are so carefully stored and applied to land. In 
the late reports made by various medical officers in the Ctuttoms Gazette of 
China for 1871, the 'vmters state that, in Chinese villages surrounded with 
excreta, and where the contamination of the air by fsecal emanations is very 
great, there is no typhoid fever. And as typhoid hr well known in other parts 
of China, the absence is not owing to any peculiarity of climate preventing 
the appearance of the fever, f 

We have, then, counterfacts which must be allowed to be of considerable 
weight. Any explanation, to be satisfactory, must not ignore one set of f a^ts, 
but must impartially include botL 

The possibility that the adult persons submitted to sewage emanations may 
have h^ typhoid fever in early life, and are therefore insusceptible, may ex- 
pllin some cases of escape, even when fiscal emanations are constantly breathed. 
But it would be impossible to exteSkl this aigument to the cases of immunity 
in children; unless we suppose that typhoid fever in children is constantly over- 
looked, and is as common as measles, which seems very unlikely, 

Tit has been supposed that there is an essential difference when animal and 
vegetable substances arg decomposing in covered places and in the open air. { 
It is evident that the physical conditions will be widely different in the two 
cases. In underground channels there is greater mean temperature, more 
moisture, and a more stagnant atnff)sphere. In the open air, while there may 
be heat ^m the sun’s rays, this may restrain putrefaction ; while the coldness 
of the nights, and the much greater movement and dryness of the air, may 
hinder the formation or lesson the chance of reception of any fever-causing 
substance developed during the putrefaction. At first sight, there appears to 
be much in favour of this view, and it would explain the greater chance there 
appears to be of effluvia coming from sewers causing typhoid fever than when 
the effluvia came from excreta in the open air. But it does not meet two un- 
doubted facts, viz., that there are cases in which sewer air is breathed without 
causing typhoid, and the occasional severe outbreaks of typhoid in villages 
without sewers, and where there is no putrefaction under cover. 

That the importation of typhoid fever into places previously free for years 
is followed by outbreake^ is quite certam. Li many of these cases, as in the 


* On Fevers, p. 458; 

Jaly^ by Drs Miller and Manson, for Shanghai and Amoy, in the Customs Qasette» 

t ^1^ is the view taken in the. Seoo^ Beport of the State Board of Health of Massachusetts* 
•erm an inquiry in most of the laige citin of that state, the conclusion is drawn that it is 
P^umnetion of animal and vegetable substances, wider cover, which gives typhoid. 

^ The cases recorded fbEty years ago by mutonneau have hw confirmed by many observations 


exwUfiait; instance at Steyning, recorded by Whitley,* all^he conditions of 
accuiDLulated sewage, &a, which are suppo^ to produce tj^hoid fever, wi^ 
present for years, and yet no fever resulted, ^en a patieht came a 
distance with typhoid fever, and the disease spread through the village, either 
through the medium of the water (as is perhaps most common), or through 
the air. These instances are so numerous that the entrance of a fresh agent 
must be admitted, and if so, the series of events becomes quite intelligible. 

The doctrine that a specific cause, is necessary for the production of typhoid 
fever ; that this cause is present in the intestinal discharges, f and that sewers 
and fsecal effluvia, and faecal impregnation of water, are thereby the channels 
by which this specific cause reaches the body of a susceptible person (i.c., of 
a person who has not previously had the disease), will be found to explain 
almost all the events which have been recorded in coi^nection with the origin 
of typhoid fever. 

Tliere are, however, still some difficulties. There are instances in which 
typhoid fever arises from sewer air without any possibility of tracing the 
entrance of a person with the disease, f Sometimes, as in the case of 
an isolated house in the country, it seems most difficult to believe that any 
such entrance could have taken place. It must, however, be remembered 
that the carriage of the “ contagion ” takes place in so many ways, that it 
is impossible always to trace it. In the case of typhoid fever, the stools are 
not oniy infectious during the height of the disease, but probably during the 
early period of recovery ;§ and the disease itself is also often so slight that 
persons noto^e about, and believe they have only an attack of diarrhoea. 
Again, the ^^uent journeying from place to place exposes all persons to a 
g^ter chance of inhaling the typhoid effluvia, and the real source of ^e 
disease may be far removed from the place which is actually suspected. 

There are, again, cases in which typhoifi; fever occurs in persons who have 
not been exposed apparently to sewer air, or fsecal emanations, or to the chaige 
of any typhoid contagion. Dr Gordon Hardie has recorded two cases of this 
kind of soldiem attacked during imprisonment. Such cases can only he ex- 
plained either by supposing an incubative period of extraordinary leiuf^ or 
an origin apart ^together either from fascal emanations or a prior case of the 
disease. 

Admitting, however, that there are still difficulties to be explained 
by future observation, it seems clear that the theory of a specific cause repro- 
ducing itself in the intestines and contained in the discharges, and naturs^y, 
therefore,. connected more or less closely with excreta and sewers, and some- 
times with drinking-water, is that which best meets the facts which have been 
most faithfully reported in outbreaks of typhoid fever. The evidence of the 
carriage of a' cause of this kind in water strongly supports this view. 

(e) JEmancUions from Fmal Matter thrown on the Ghround. — Owing, doubt- 
less, to the rapid movement of the air, there is no doubt that the excreta of 


* From the Report of the Medical Officer to the Privy Coancil, p. 43. 
t That the effluvia from the typhoid stools will produce typhoid fever seems to be certain, 
and a good case is given by Biecke. The evacuations of a mhoid patient were placed in an 
oiithonse, the upper room of which had an unceiled floor. Two men who had no intercourse 
whatever with the patient^ and never entered the house, but who slept in the upper room, were 
attacked, and at the same time. 

' t Ranke admits the possibiUty of spontaneous orgiu of typhoid, but thinks it spreads more 
fk^uently through air than any other way. 

*'§ In a case (under the am of Dr liangstaft of Southampton), the patient died after 17 weeks* 
illness ; his brother was attacked with typhoid fever about a week before the deatiiof the 
other, and no othei source of the disease, excf^t visiting his brother, could be traced. Accord- 
ingly, allowing the longest known period of incubation (21 dhys), the disease must have hwn 
oon^onioated in the 13th week of illness. The cose, although not decisive, is curious. 
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men and animala tl^rown on the ground and exposed to the open air are less 
hurtM than sewer air, and probably in proportion to the dilution. 

When there are aocumuktidns in close courte^ small back-yards^ &c., the 
same effects are produced as by sewer air, and many instances are reco:^^ in 
the Health of Towns Eeports.” When fecal matters are used for manure 
and are therefore speedily mixed with earth, they seldom produce bad effects. 
Owing, doubtless, to the great deodorising and absorbing powers of earth, 
effluvia soon cease to be given ofil An instance is, however, on record in 
which two cases of typhoid were supposed to arise from the manuring of an 
adjacent field. Dr Clouston has also shown by evidence, which seems very 
strong, that dysentery was produced in an asylum by the exhalations from 
sewage, which was spread over the ground (a stiff brick clay subsoil) about 
300 yards from the asylum. The case seems a very convincing one, as the 
possibility of the action of other causes (impure water, bad food, &c.,) was 
excluded. This is a point on which more evidence is desirable. It is stated 
in some works that disease is frequently produced by the manuring of the t 
ground, but 1 have been able to fed no satisfactory evidence. It 1^ been 
said tfet if the sewage matter can. be applied while perfectly fresh 
to the ground, no harm results ; but if decomposition has fully set in, it is 
not so completely deodorised by the ground. (See chapter on Sewage.) In 
Chi^a, where fecal matter is so constantly applied in agriculture, the air is 
often filled with very pungent effluvia, yet no bad effect is produced. (Sm 
D r A. Jamieson’s Eeport on the He^th of Shanghai fpr the half-year ena- 
ing September 1870,” China Cvstoms Gazette for 1870; Shangh^ 1871.) 

(/) Emanations fr(m Streams polluted by F<Bcal Matter . — The - evidence 
on tqjs point is contradictory. Parent-DucMtelet, in 1822,* investigated the 
effect produced on the health of the inhabitants of the Faubourg St Marceau, 
in Paris, by the almost insupportabfo effluvia arising from the Eivifere de 
Biivre, which received a la^ portion of the sewage of the quarter. 
He ^serts that the health was not at all damage though he admits that there 
is truth in the old tradition at the H6tel Dieu, that the cases from St Marceau 
were more severe than from any other place. 

Dr M‘William found that the emanations from the Thames in 1859-60 
had no deleterious effect on the health of the Custom-House men employed 
on the river. The amount of diarthcca was even below the average. 

Mr Bawlinson states (“Eeport of Committee on Sewage,” 1864, p. 174, 
Question 3997) that a careful house to house visitation had been made in 
some of the worst districts of Lanciashire (in Manchester, on the banks of the 
Medlock, for instance) without finding any great excess of disease. 

On the other hand, in the reports of Sir H. De la Beche and Dr Lyon 
Playfair,! is some strong evidence that the general health of the people 
suffered from the emanations of the putrid streams of the Frome, and the 
tributaries of the Irk and Medlock; that they were pale, in many cases 
dyspeptic; that ’fevers (typhoid) prevailed on the banks is asserted by some 
observers, but rather doubted by others ; but none seem to have any doubt 

* Hy^^tne Pnbliqae, p. 98. 

i S^nd Report Of the Health of Towns Commission, pp. 261 and 847. Lyon Playfair says, 
''The medical men in Manchester whom I have consulted are unanimously of opinion that me 
emanations from the putrid streams which wind their way sluggish^ through the town are a 
cause of disease and mortality.’' On the other hand, Whitehead <Rate of Mortality in Man- 
chester, 8d edit. 1864, p. 60) denies that typhus i typhoid ?) is more prevalent near the banhs of 
these streams, and also denies (p. 62) that health is injuriously affected. Mr J^wlinson also 
(Report of Sewage Committee, 1864, p. 174, Question 8^7) states that no great excess of disease' 
exhalations was found to exist on the banks of the Medlock. So also the state of the 
^ ut the present very bad,, produces no effect whatever on health. (See Glasgow 
Medical Journal for Nov. 1868 ; also the Sewage Question, by Jpr.Fei^s, 1874, p. 264 
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that the ferers^ wlien they occuired, were mucli worse. Cholera in Manchester 
was severe idong the banks of some of these streams, but that might have been* 
from the water being drunk In 1858 also, Dr Ord^ observed that a huge 
numb^ of the men employed on the Thames were affected by the effluvia ; 
the symptoms being lan^or and depression, followed by nausea and headache, 
aching of the eyebdUs and redness and sweUing of the throat. Diarrhoea was 
Tora In 1859 these symptoms were not observed, though the state of the 
river was worse- Were they then really caused by the effluvia in 1868 1 

It is very likSiy that the discrepancy of evidence may arise from the 
amount of water which dilutes the faecal matter being much greater in some 
cases than others. In the case of the Thames, the dilution was after all very 
great, and this was the case, in part at any rate, in the Bi^vre, as the stream 
was in some places 6 and 7 feet deep. The evaporation from such a body of 
water, however offensive it may be, must be a very different thing from the 
effluvia coming off from the masses of organic matter laid bare by the almost 
complete drying up of streams into which quantites of fascal matter are poured. 
When sewage matter is poured into the sea, and washed back by the tide, it 
may become a source of danger. An epidemic of enteric fever occurred in 
this way among the recruits of the Eoyal Marine Artillery, who were employed 
to build a sea-wall at Fort Cumberland, to protect Langston Harbour (near 
Portsmouth). An outbreak took place, which could not be accounted for by 
anything in the quarters, food, or water supply. The sewage of Portsmouth 
is pumped into the sea near that spot, but the pumping ought to take place 
at ebb-tide only ; it was found that this rule had b^n neglected, and that pump- 
ing had taken place during the flow, so that the sewage was carried back and 
deposited on the mud where the work was taking pla^ Out of 1 30 recniits, 
4 died, 16 had distinct attacks of enteric fever, and 40 had milder attacks of 
indisposition. Cases also occurred a^ Hilsea Barracks, further up the 
harbour. 

(g) Effect of Manure Manufojctories , — ^The manure manufactories at pr^ent 
existing in this country do not appear to produce any bad effects. They are 
generally at some little distance from towns, and tha effluvia are soon diluted. 
The Secretary of the Hyde Manure Company informed me that while the 
works were in operation no bad effects y^ere produced. But if situated in 
towns they are nuisances, and may be hurtful In 1847 evidence was given 
to show that a manure manufactory situated in Spitalfields, and about 
100 feet from the workhouse, caused bad diarrhoea whenever the wind blew 
in that direction, and 12 cases of spontaneous gangrene” (1) which had 
appeared among children were attribute to it. Ihe cases of (Bsease in the 
workhouse mfimary also acquired, it was said, a malignant and intractable 
character, t In France the workmen engaged in the making of “poudiette” 
do not in any way suffer, except from slight ophthalmia. X Parent-Duch&tdet§ 
(on very dight evidence inde^) thought the emanations were even beneficial 
in some disikses, and Tardieu seems inclined to support this opinion. The 
Secretaiy of the Hyde Manure Company informed me that some of the men 
appeared actually better in health. When the poudrette is decomposing, and 
large quantities are brought into small spaces, as on board ship, serious con- 


* Trans. Social Science Assooiation, 1859, p. 571. 

Medical Gasette, December 1847. 

1 Psrent-Dnchfitelet ; Patimler. See nleo Tardien, Diet. d’Hrgi^ne,t. iv. p. 453. Tatdien, 
in 1882, writes— We do not hesitate to affirm that the exhalations Arom these manufactories 
(voiries) exercise no iidnrions action either on man or vegetation. But it must be remembered 
that these places are excellently condneted ; ventilation is good, and the ftecal matter is soon 
•Utjeoted m processes whichjmveni its decompositiox^ 
i I Hyg* Pnbiique, t U. p. 276, 
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sequences may certainly result. Parent>Duchfttelet records two cases of ouV 
Imaka on bo^ ships carrying poudrette which fermented on the voyage; 
one vessel, the Arthur/’ lost hc^ her crew (number not known), and the 
rest were in a state of deplorable health; the men who unloaded the cargo 
were also affected. The symptoms are not recorded, but, in a smaller vessel, 
where all on board (5) were similarly affected, the disease put on the appear- 
ance of an adynamic fever.” There was intense pain of the head and of all 
the limbs, vomiting, great prostration, and in two case^ great diarrhoea. 
These symptoms are very similar to those already mention^ as produced in 
the children at Clapham by the opening of a privy. 

(h) The Air of Graveyards . — There is some evidence that the disturbance 
of even ancient places of sepulture may give rise to disease. Yicq d’Ajzyr 
refers to an epidemic in Aivergne caused by the opening of an old cemetery ; 
the removal of the old burial-place of a convent in Paris produced illness in 
the inhabitants of the adjoining houses.^ In India, the cantonment at 
Sukkur was placed on an ancient Mussulman burial-ground, and the station 
was most unhealthy,! especially from fevers. 

The effect of effluvia from comparatively recent putrefying human bodies 
has been observed by many writers. EammazziniJ states that sextons enter- 
ing places where there are putrefying corpses are subject to malignant fevers, 
asphyxia, and suffocating catarrhs; Fourcroy remarks that there are a 
thousand instances of the pernicious effects of cadaveric exhalations; aiyj. 
Tardieu§ has collected a very considerable number of cases, not only of 
asphyxia, but of several febrile affections produced by exhumations and dis- 
turbance of bodies. Mr Chadwick,|| and the General Board of Health,1I have 
also^ummod up the recent evidence, which shows that in churchyards thickly 
crowded with dead, vapours are gi^en off which, if not productive of any 
specific disease yet increase the amount both of sickness and mortality. In 
some instances, this may be from contamination of the drinking water; but 
in other cases, as in the houses bordering the . old city graveya^ where the 
water was supplied by public companies, the air also must have been in fault. 
In the houses which closely bordered the old city yards, which were crowded 
with bodies, cholera was very fatal in 1849,** and I was informed by some 
practitioners that no cases recoverec^ I was also informed that all other dis- 
eases in these localities assumed a very violent and unfavourable type. Hirt 
says, on the other hand, that when gravediggers are prot^tedfrom the acute * 
effects of carbonic acid their calling is not unhealthy. 

(t) Effluvia from Decomposing Animals , — On this point there is some dis- 
crepancy of evidence. 

In 1810, Deyeux, Parmentier, and Pariset, gave evidence to show that 
the workmen in knackeries are in no way injured. Pa^nt-DuchAtelet, from 
his examination of • the health of the men employed at the knackery and 
slaughter-house at Montfaucon, came also to the conclusion that their health 
was not affected. It should be mentioned that this knackery is remarkably 
well placed for ventilation, and is excellently conducted ; putrid remains, in 
the proper sense of the word, do not now exist in any knackery in or near 
Paris ; the workmen are well paid and weU fed, and are therefore prepared to 
bear the effect of any injurious effluvia. It has been stated, however, that in 

V *Tardieu Diet, d’Hygiine, i.p. 517. 

i t Norman Chevers, JcSirop^ Soldiers in India, p. 401 
MaladllBs dea Artisans, p. 71. 

Diet. d’Hyrfftne, 1862, t. ill. p. 4«8, 

J^port on Interments in Towns. IT Report on Extramnral Sepnltnrl 1850. 

3. Smith, and Sutherland's Reports on Extramural Inteiment, p. 12. See also Butborland's 
Report on Cholera, 1850, p. 27. 
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ibe H6tal Dieo, the patdents used to suflfer when the wind, loaded with effluvia^ 
blew from Montfaucon (Henry Bennet). Tardieu, from a late reexamination 
of question, confij^ Parent’s conclusions,* except as regards glanders and 
malignant pustulci touching which Parent-Duchfttelet’s evidence was as usual 
negatiye. Tardieu (t iv. p. 468), however, stat^ that many examples occur 
in the French knackeries of the transmission of these diseases, though glanders 
and farcy are less frequently caught in knackeries than in stables. Ko 
analysis has yet been m^e of the air of knackeries. 

Parent-DuchAteletf is often also quoted, as having proved that the exposure 
of the^remains of 4000 horses killed in the battle of Paris in 1814, pr^uced 
no bad effects. These horses were killed on the 30th March, and were burnt 
on the 10th and 12th of April They gave out “une odeur infecte,” which 
produced no bad results on those who coUectod the bodies^ Parent-DuchAtelet 
mquired particularly whether typhus was produced by the eflBuvimn, and 
proved that it was not ; a conclusion conformable to our present doctrina 
He did not^ however, do more than examine the registers of deaths for the 
three years before, during, and after the battle, and found no evidence of 
increa^ mortality. The utmost this observation shows is, that no typhus 
was produced ; and that the amount of decomposition, caused by eleven days 
of hot weather, did not affect those concerned in collecting and burning the 
bodies. 

On the other hand, the experience of many campaigns, where soldiers have 
been exposed to the products of an advanced putrefaction of horses, shows 
that there is a decided, influence on health. Pringle especially noticed this ; 
and in many subsequent campaigns this condition has been one of the causes 
of iosalubrity. Diarrhoea and dysentery are the principal diseases ; b^jt all 
affections are increased in severity. At the siege of Sebastopol, where, in the 
French camp, a great number of bodies (Jl horses lay putrefying on the ground, 
Eeynalf describe the effect as disastrous, and even conjectures that the spread 
of typhus was connected with this condition, though this is unlikely. , 

(^) Air of Brickfields and Cemmt Works , — ^The peculiar smell of brick- 
fields cannot be owing to carbonic acid, carbonic oxide, or to hydrosulphuric 
acid, or sulphurous acid (the gases evolved from the kilns) ; but its exact 
cause, I believe, is not known. The ajf, at its exit from the chimney of 
furnaces and kilns, is rapidly fatal ; but so rapid is its ascension, dilution, and 
diffusion, that at a little distance it is respirable. In almost all the actions 
against the owners of brickfields nothing more than a nuisance has been estab- 
lished. The smoke and gases from cement works, however, destroy neighbour- 
ing vegetation. The smell can be perceived for several hundred yards.§ In 
the north of France it is ordered th^t no kilns shall be within 50 metres (54^ 
yards) of a public road ] and the kilns are lighted only at night. 

(/) Air of TalloiihmakerSy Bonebumersy Ac , — In many trades of this kind 
lai]^ quantities of very disagreeable animal vapours ore produced, which 
Spread for a long distance, and ore most disagreeable. Although a nuisance, 
it is difficult to bring forward positive evidence of insalubrity. But the 
odour is so bad that in France nides are in force to oblige the vapours to be 
condensed or consumed,|| and if in the process any water is contaminated 
with fatty acids, it is neutralised with lime. M. Foucon has figured an 
apparatus which completely bums the animal vapour&H 

* DiclL d’Hygitoe, t iv. p, 458. + Diet. d’HygiSse, t. L p. 47* 

± Tardieu. IHct. d'Hy^^ne, t. ii. p. 221. 

8 At Soathamptou the smell is perceptible at more than a mile. 

# Vertoia, Hygftne ludustrielleTt. ii. p. 60. 

V; f l^ppenheim’s i^t. der Sanitat. PoL Heft. Ii. ^ 
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{m) Ait of Marshes.’-'-lt deems scarcely necessary to allude to tliis point, 
‘except to notice that, in addition to paroxysmal fevers, it has been supposed 
that serous dimrhoea (a sort of dysenteria incruenta) and true bloody dysente^, 
are produced by malaria. Also that there is perhaps sqme connection with 
malaria and liver abscess (1).« The breathing of ma^ air also may produce 
an imperfect condition of nutrition, in which enlarged spleen plays a pro- 
minent port, and the mean duration of life is shortened. 

(w) Unknown Conditions of the Atmosphere. — Occasionally, outbreaks of 
disease occur from impurities of the atmosphere, the nature of which is not 
known, though the causes giving rise to them may be obvious. Dr M^er* 
records a case of a school at Ulma, of sixty or seventy boys, where the greater 
number were suddenly affected, on a warm day in May, with similar symp- 
toms — giddiness, heada^She, nausea, shivering, trembling of the limbs, some- 
times fainting. The attack occurr^ again the next day, and a common cause 
was certain. The room was enclosed by walls, in a narrow space, where the 
snow had lain all the winter ; the wall was covered with fungous vegetation, 
and with salts from the mortar. From the sudden entrance of warm weather, 
fermentation had set in, and a strong marshy smell was produced; the sub- 
stances of whatever kind generated in this way accumulated in the narrow, 
ill- ventilated space. Bemoval to a healthier loc^ity at once cured the disease. 

SECTION III 

PURIFICATION OF THE AIR BY CHEMICAL METHODS. 

•The great purifying actions of Nature are diffusion, dilution, transference 
by winds, oxidation, and the fall of rain. In houses the power of ventilation 
is the only safe method, but some effect can be produced by chemical agencies 
in aid of ventilation. 

• The foreign matters in the air, which can be icmoved by chemical means, 
are carbonic acid, sulphuretted hydrogen, ammonia (usually in the form of 
ammonium sulphide), and various organic substances, arising in an infinity of 
ways, some being odorous, others not, and of the physical and chemical nature 
of which little or nothing is kno\|p. Air purifiers are also used to check the 
growth of fungoid or infusorial organisms. They are used in the form of 
solids or of liquids, which may absorb the substances from the air, or of gases 
which may pass into the air, and . there act on the gas^ or molecular impuri- 
ties. 

(a) Solid Air Purifiers . — ^Dried earth, quicklime, charcoal, and calcium and 
magnesium carbolates (phenates), a mixture of lime and coal-tar, are the most 
important. 

Of these charcoal is the most effectual It presents an immense surfiice, 
and has a veiy extraordinary power of separating and absorbing gases and 
vapours from the atmosphere (Sennebier, quoted by Chevallier, Traits des 
D^infect” p. 146, and A. Smith), and oxidises rapi^y almost every substance 
capable of it Its action is ^ot indiscriminate, but elective (Al Smith) ; when 
charcoal which has absorbed oxygen is warmed, it gives off carbonic acid (A. 
Smith), a proof of its g^t oxidising power. Exposed to the air in bags or’ 
shallow pans, its action is rapid and persistent ; its effect is especially marked 
with sewage gases, and with the organic emanations in disease. It al^ absorbs 
sulphuiett^ hydngen. Its power of purifying air from organic emanations is 
really great, and can be employed in hospital wards with idvantage. 

* Canatstt*a Jabresb. 186SI^ voL iL p. 82. 



136 


km, 


Of the diffeient kinds of charcoal, the animal charcoal has the highest loputa* 
tion, an(i then peat But the carbon left in the distillation of Boghead coal 
has been stated to be eyen better than animal charcoal If Testable charcoal 
be used, it should be rather finely powdered. The disinfecting qualities of 
charcoal on air scarcely lessen with time if the charcoal be kept diy. Charcoal 
filters to be placed before the mouth have been recommended by Stcmhouse, 
and might be useful in cases of very impure air. Dried marly earth is much 
inferior to charcoal, but still can be employed in the absence of the latter. 

Quicklime absorbs carbgnic acid, and perhaps compounds of sulphur, and 
has been employed for thcib purpose. 

Lime and magnesium earbolates have been also used ; their exact effect on 
the air passing over them is not, I believe, known ; but as they give off car- 
bolic acid, their action may be chiefly in that way. • 

(61 Liquid Air Purifiers , — Solutions of potassium permanganate (Condy's red 
fluid), zinc chloride, and lead nitrate are sometimes used, being either exposed 
in flat dishes, or cloths are dipped in the solution and exposed to the air. They 
act only on the air which comes in contact with them, but in that way absorb 
a good deal of impurity. ' Condy’s fluid, when well exposed to the air, seems 
to have a good purifying effect, and to lessen the close smell of ill-ventilated 
rooms, and it alwrbs sulphuretted hydrogen, and so will also solution of nitrate 
of lea^ 

Lime and soda chlorides, nitrous acid, solution of sulphurous acid, py- 
roligneous acid, act on the air chiefly or entirely by the gases which pass off 
from them, and their effects are considered under that head. 

(c) Gfuseom Air Purifiers . — The evolution of gases into the air is the most 
powerful means of purifying it independent of ventilation. The principal 
ga^ are ozone, chlorine, iodine, bromine, iqjirous, sulphurous, and hydrochloric 
acid, carbolic acid, tar fumes, acetic aci^ ammonia. 

Ozoue . — It has been proposed to disengage ozone constantly into the air of 
a room, by heating a platinum wire by a Bunsen cell : by hdf immersing a 
stick of phosphorus in tepid water in a wide-mouthed bottle ; or by mixing 
very gradually 3 parts of strong sulphuric acid and 2*parts of permanganate 
of potassium. This last method is that used by Dr Fox.* The amount of 
ozone can be measured by the common ozoi^ paper, and the stopper put in if 
the tint is too deep. It is presiimed it will then act as a powerful oxidis- 
ing agency, and destroy organic matter, as it certainly removes the putrid 
effluvia of decomposing blood (Wood and Bichardson). It has been much 
used by Dr Moffat in cholera and cattle plague. 

Chhrine. — Given off from chloride of lime, moistened with water, or with 
dilate sulphuric acid, and placed in shallow vessels, or from chloride of soda, 
or evolved at once. Four parts by weight of strong hydrochloric acid are 
poured on one part of powdered binoxide of manganese, or four parts of 
common salt and one part of binoxide of manganese are mixed mth two parts 
by weight of sulphuric acid and two of water, and heated gently. According 
to the size of the room, the actual weight of the substances taken must vary. 
Or two table-spoonfuls of common salt, two tea-spoonfuls of red lead, half a 
wine-glassful of sulphuric acid, and a quart of water are taken. Mix the lead 
‘and with the water, stir well, and add the sulphuric acid gradually. 
GUorine is evolved, and is absorbed by the water, from which it is slowly 
driven out It may be kept in a jar or stoppered bottle, left open as occasion 
may requiret. * 

Osooe and Antozone, p. 25. 

t Medlook’s Record of Pbarmaoy and Tliexapeutlosi 1858, p. 20. 
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Chlorine decomposes salphuietted hydrogen and ammonium sulphide at 
Once, and more certainly than any offier ga& It doubtless destroys organic 
matter in tiie air, as it bleaches organic pigments, and destroys odours, either 
by abstracting hydrogen, or by indirectly oxidising. Euchlorine, a mixture 
of chlorous acid and free chlorine, obtained by gently heating (by placing 
the saucer in warm water), a mixture of strong hydrochloric acid and potassium 
chlorate, has been also u^ instead of pure chlorine. It has been strongly 
recommended by Rofessor Stone of Manchester, who has devised a special 
apparatus for its disengagement He also uses it by placing fuming hydro- 
cUoric acid in a wine-gla^, and adding a few grains of chlorate from time to 
time. In that way there is no danger of explosion, as sometimes is the case 
if a large quantity of chlorate is warmed with hydr^hloric acid. The odour 
of euchlorine is more pleasant than that of chlorine ; it acts as rapidly on 
iodide of potassium and starch paper, and appears to have a similar action on 
organic substances ; whether it is superior or inferior to pure chlorine, I do not 
know, but the ease of development and its pleasanter smell are in its favour. 

Iodine can be easily diffu^ through the atmosphere by placing a small 
quantity on a hot plata Dr Bichardi^n proposes to saturate a solution of 
peroxide of hydrogen with iodine, and to add 2i per cent of searsalt ; by 
“atomising” or “pulverising” the fluid by the little instrument used for this 
purpose, the air can be charged with iodine and scansalt spray very readily. 
Iodine will decompose SHg, and destroys, therefore, much odour. Its action 
was investigated by Duroy in 1854,* who show^ that it is a pow6tful 
arrester of putrefaction. As it condenses easily, and does not difluse every- 
where like chlorine, it might be expected to be less useful than chlorine. 

Sromine . — In the American civil war bromine was rather largely used as 
an aerial disinfectant ; a solution of bromine in bromide of potassium is 
placed in queers and exposed to tffe air ; the vapour i^ however, very irrita- 
ting, and should not be disengaged in too large an amount. 

Citrons Add can be evolved by putting a bit of copper in nitric acid and 
a little water. The nitrogen dioxide which is given off takes oxygen from 
the air, and red fumes, ^^consisting chiefly of nitrogen tetroxide or nitrous acid 
are formed. 

The oxidising action of nitrou^ acid is very great on organic ihatter. It 
removes the smell of the dead-house sooner than any other gas. It is rather 
irritatmg to the lungs, and, in some persons, large quantities of it cause 
vertigo, nausea, and even vomiting. If possible, when it is used, the rooms 
should be cleared ; if not, it should be di^ngaged slowly, which can always 
be done by diluti^ the nitric acid. 

The action of nitrous acid results from the ease with which it parts with 
oxygen to any oxidisable substance, being converted into nitrogen dioxide, 
which again at once combines with atmospheric oxygen, and so on. 

Sulphurous Add . — ^Most easily evolv^ by burning sulphur. It decom- 
poses sulphuretted hydrogen (SOg + 2 SH 2 = 3S + 2 OH 2 ), and also combines 
with ammonia. It has also b^n supposed to act powerfully upon organic 
matter (Graham), and probably does so if ammonia is not present Guyton- 
de-Morveau who studied the action of this acid, was of opinion that it com- 
pletely disinfects miasms, and gives some evidence on this point. It must bo 
used in large quantity. 

Hydrochloric Add . — ^The fumes of this acid were used by Guyton-de- 
Morveau, and at one time they were much employed, hut the action of 
clilorine is so much more powerflil that they are now seldom used. 

* Chevallier, TiaiM des 
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Oarifolie eiabstance is given off vrhen solid carbolic acid is 

placed in a saucer, or when the liquid acid and water are sprinkled about, or 
still better, when one part of the acid and two of ether are allowed to eva- 
porate. It is difficult to measure its action, as it decomposes solution of 
potassium permanganate, which cannot therefore be used as a measure of the 
organic impurity of air when carbolic acid vapours axe present 

Dr Sansom* * * § has shown that when the add evaporates, 1 grain of carbolic 
acid is taken up, at different temperatures, by the following amounts of air, 
viz., by 320*75 cubic inches at 50® Fahr., by 159*44: cubic inches at 60® 
Fahr., and by 93*76 cubic inches at 70® Fahr. Vaporizers for carbolic add 
fumes have been made, by means of which carbolic acid falls, drop by ^p, 
on a hot metal plate, f Dr LangstaffJ has invented a trough, containing 
flannel wetted with water and carbolic acid (1 part §f acid and 20 of water), 
which is placed in the inlet ventilating tubes ; he finds that at a temperature of 
67®, four ounces of water are taken up in 24 hours, and this will keep the air 
of a room, 22 feet x 10 and 11 feet high, thoroughly impregnated with the 
odour. Carbolic acid conceals all odours, though it will not destroy sulphu- 
retted hydrogen if it exists ; it lessens the rapicHty of putrefaction of animal 
substances suspended in a room, and they ali) dry faster, according to Lang- 
stoff It also rapidly arrests the growth of fungi, though it will not com- 
pletely destroy them ; for example, I put some fr^h faecal matter, free from 
urine, in a bottle, and drew air washed in strong sulphuric acid over it ; 
fungi appeared rapidly on the faecal matter. I then passed air impregnated 
with carbolic acid over the fungi ; they become discoloured, brownish, and 
apparently died ; but on again substituting washed air, they revived. The 
rapid destruction, and the as rapid recovery and regrowth, could be repeated 
many times, and showed that the earboUc acid air had withered without 
actually killing the fungi ^ 

The small growing cells suspended in the air are also stopped in their 
growth (according to Trautman) ; and, in fact, the action of carbolic ^id 
may be said to be restraint of putrefaction and limitation of growth of low 
forms of aerial life.§ The exact mode in which it aots w uncertain. When 
in some quantity, it coagulates albumen ; and it has b^n supposed to be in 
this way that it restrains putrefaction. || ^ 

A mixture of 1 port of carbolic acid and 9 of vinegar, and a little camphor, 
has been used as a disinfectant in cabins on board ship. 

Ooaliar and Bitumen Fumes , — This is an old plan much used in the last 
century; the fumes contain carbolic and cresylic acids with other substances, 
and it is presumed have the same effect as carbolic acid. The substance 
employed by Siivem, and which has at present some reputation in Germany, 
owes its success as an air-purifier to the fumes of coal-tar. 

Vinegar and Ammonia . — The vapour of vinegar is an old remedy, and was 
much employed by Howard in the purification . of jails; the efficient agents 
were probably heat and ventilation, which Howard made use of at the same 
time. The vinegar would, of course, neutralise any ammoniacal vapours 
which might be in the air; whether its action would extend beyond this is 
doubtful^ 


* The Antieeptio System, by A. E. Sansom, M.D., 1871, p 15. 

+ Savory ana Moore’s vmriier is figured by Sansom. 

i Hospital Hygiene, by Qiarles Longsteff, M.D., 187S^ p 20. 

§ Lemaire, Gropes, tianaom, and others. 

It Various other hydrocarbons probably act in the same way, as, for instance, the ter^ne pro* 
poiM by Or Bond of Gloucester. 

. . f It may perhaps delay putrefaction and the growth of minute organisms. 
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The vapour of ammonia would not a priori seem likely to he a purifier, 
though, as it restrams decomposition in solid matters, its vapour may have 
on efi^t in the air. 

It will be observed that ^e chief gases attacked by the ai]>^[ranfier8 are 
sulphuretted hydrogen and ammonium sulphide, which are easily destroyed 
by several agents, especially by chlorine, iodine, and sulphurous acid gas. 

The opinion that the floating organic vapours or molecules of whatever 
kind in the air are destroyed by the air-purifiers, has been hitherto derived 
not from direct quantitative determination of the organic matter before and 
after the action of the purifiers, but from their influence on odours and on 
other organic substances where their action is more easily followed. But the 
analogic^ evidence is^so strong that we can have little doubt pi the reality 
of the action. 

The mode of action of the air-purifiers may be conceived to vary. Ozone 
and nitrous acid will directly oxidise all substances which can be so acted 
upoiL Chlorine may act by substitution for hydrogen, or it may take hydro- 
gen and oxidise indirectly by liberating oxygen ; bromine and iodine may also 
take hydrogen in the same way. Sulphurous acid more probably deoxidizes 
and forms sulphuric acid. In other cases, it seems probable that neither sub- 
stitution nor oxidation nor the reverse takes place, but that the action is one 
of restraint of putrefaction and of limitation of the growth of cryptogamic life. 
At least this may be inferred from the experiments of Crookes, Lemair^ and 
others on the action of carbolic acid on low forms of life growing in liquids. 
In practically carrying out aerial purification, great care is necessary to ensure 
^t the gas or vapour is diifused everywhere trough the room, and that it is 
constantly present. In a sick-room the vessel from which it is disengaged 
should be some Uttle distance ab^e the bed, or, in some cases, underneath it. 
In hospitals with inlet tubes, it should be in the inlet' tubes ; whatever be the 
agency, there should be a slight odour always perceptible. In the purification 
of empty rooms, all apertures should be closed. {See chapter on Disinfec- 
tion.) 



CHAPTER III. 
•VENTILATION. 

Thb term ventilation is not always used in the same sense. By some it is 
applied to the dilution and removal of all impurities which can collect in the 
air of inhabited rooms. The most common causes of such impurities are the 
respiration and cutaneous transpiration of men, the products of combustion of 
lights, the effluvia of simple uncleanliness of rooms or persons, the products 
of the solid or fluid excreta retained in the room, or, in hospital, discharges from 
the body or from dressings. In addition there may be special conditions 
which a]Io\ir impure air to flow into a room, as from the basement of a house, 
or from impurities outside a house. 

It will be desirable, however, to restrict the term ventilation to the removal, 
by a stream of pure air, of the pulmonary and cutaneous exhalations of men, 
and of the products of combustion of lights in ordinary dwellings, to which 
must be added, in hospitals, the additional effluvia which proceed from the 
persons and discharges of the sick. All other causes of impurity of air ought 
to be excluded by cleanliness, proper removal of solid and fluid excreta, and 
attention to the conditions surrounding dwellings.* 

The subject of ventilation may be conveniently considered under the follow- 
ing heads : — 

1. The quantity of fresh air required for fhe purposes defined above. 

2. The mode in which this quantity may be supplied. 

3. The method of examining whether ventilation is sufficient ; in other word^ 

whether the air of inhabited rooms is properly pure. This will form the sub- 
ject of a separate chapter. • 


* Army Ragulaiions on Ventilation . — ^The Surgeon-General or Deputy-Suigeon-General or 
Sanitary Officer or Medical Officer of a Corps or Station, is directed by the Hospital Regnla- 
tions to see that the ventilation of barracks, guard-rooms, day-rooms, schools, Teading-ix>om8, 
cells, and hospitals is good, and that the number of men in any room does not exceed the 
reflation number. 

The number of men placed in a barrack-room or hospital-ward is to depend on the cubic 
space. 

. In permanent barracks a man is allowed . . 600 cubic feet. 

In wooden huts, ....... 400 „ 

In hospital war^ at home, ..... 1200 „ 

„ „ in the tropic^ .... 1500 ,, 

In wooden hospitals at home 600 „ 

The number of men in each room is ordered to be painted on the door. 

Before temporary hospitals are omnised, the sanitary or other medical officer is to consider 
and report on the ventilation as well as other things. 

The surgeon or medical officer in cham of a r^ment is directed to visit ''at firequent 
interval” all barracks, quarters, hospitfds, cells, married soldiers* quarters, to note their 
general sanitary condition, including ventilation. He is also to examine latrines, stables, 

On field service and on transiwrt ships the same duties are enjoined. 

The most constant attention is therefore ordered to be paid to this subject. 

With the exception of ordering a certain cubic space, the Medical Iterations do not give 
any specific rules as to^the rate of change of air, but the Iteport of the Barrack Commissioners 
(1861) orders that arnmgements be made to supply at least 1200 cubic feet per head per hour, 
or, in other words, that the 600 cubic feet of air shall be changed twice in the hour. 

In the Queen’s R^pilatlons for the Army, the ventilation of cells, barracks, and transport 
sb^ is also ordered. 

TOe regulations thus require the medical officer to be able to report on the sufficiency or 
oi^itttWise of ventilatiou ; or, in other words, on the rate of movement and on the purity of 
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SECTION L 

QUANTITY OF AIR REQUIRED. 

1. Quantity required to remove the respiratory impurities caused hy 
* healthy persons^ 

The impurities added to the air by lespiration have been already enumerated 

(p. 106). 

The carbonic acid which an adult man adds, to the extent of about ^ths 
of a cubic foot in an hour, is not within certain limits an important impurity, 
but it is practically in a constant ratio^ with the more important organic 
matter of respiration ;^nd, as it is readily determined, it is taken as a conve^ 
nient index to the amount of the other impurities.! 

Taking the carbonic acid as the measure of the. impurity of the air vitiated 
by respiration (and by respiration alone), t we have to ask, What is to be 
considered the standard of purity of air in dwelling-rooms 1 We cannot 
demand that the air of an in^bit^ room shall be absolutely as pure as the 
outside air \ for nothing short of breathing in the open air can ensure perfect 
purity at every respiration.§ In every dwelling-room there will be some im- 
purity of air. 

The practical limit of purity will depend on the cost which men are willing 
to pay for it. If cost is disregarded, an immense volume of air can be supplied 
by mechanical contrivances, but there are comparatively few cases in which 
this could be allowed. 

♦Without, however, attempting too much, it may be fairly assumed that the 
quantity of air supplied to every inhabited room should be great enough to 
remove aU sensible impurity, so fiiat a person coming from the external air 
should perceive no trace of odour, or difference between the room and the out- 
side air in point of freshness. Taking the carbonic acid as the index of im- 
purity, it appears, from experiments made by Dr de Chaumont and myself, 
that the organic impurity of the air is not perceptible to the senses until the 
carbonic acid the initial and the respiratory carbonic acid) rises to the 
ratio of *6 per 1000 volumes, or ^*0006 in each cubic foot. Occasionally air 


* I say it is practically in a constant ratio, beoanse it is so in perhaps 90 cases out of 100, 
thouffh there may he exceptional cases when the o^nic matter may be in excess. I think, 
for adult men, the amount of '6 cubic feet per hour is a very close ^proximation. The most 
perfect experiment yet made is bv Pettenkofer, who in a man aged and weighing 60 kilo- 
grammes (—132 lb avds.), and taxing little muscular exertion, found the carbonic add in 24 
hours amount to 911*5 grammes, or 461 litres at 0* cent. This corresponds to *68 cubic foot 
per hour. The actual amounts were 0*78 in the day time, doing very little work ; and 0*66 
at night in a state of repose. This gives 0*00424 per lb of body-weight in repose, and 0*0059 
in very gentle exertion. During hard work the same man evolved 1*52 per hour, or 0*015 
per lb of body-weight. As we may, however, take the average of adult males (such as 
soldiers) at 145 to loD Ib^ the amount evolved in repose would be ft*om 0*615 to 0*686 per hour. 
The assumed amount *6, is therefore, for adult males, weU within the actual amount observed 
in this case. 

t One of the earliest observers to recognise the value of carbonic acid as an index of purity, 
^pears to have been F. le Blanfc, whose memoir, B4cherches snr la Composition de PAir 
Confine (1842), is dtedby General Morin. He appears to have had;clearer notions as to the amount 
of air necessary than most of his contemporaries. 

X This, of course, includes transpiration, or carbonic acid exhaled ffoin the person In any 
wiw ; but excludes all other sources, such as lights, fire, Ac. 

9 liras the carbonic add in the air being taken at *04 per cent., and the carbonic acid of 
respiration being placed at *6 cubic feet in an hour, a man placed in a room of 1000 cubic feet 
of air must receive no less than 1,000,000 cubic feet of outside air in an hour to reduce the 
carbonic add to the standard (nearly *0401 per cent) of the fresh air.— On Ventildiion and 
CMe Spaee, By Dr de Chaumont, Assistant Professor of Hydene, Army Medical Moot 
ISdinbui;^ Med. Jonr. May 1867* ' 
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may seempture to the senses when the ceorhonic acid is *7 or even *8 per 1000 
volmn^ but the usual i^e seems to be that when it exceeds *6, the air com- 
mences to become perceptibly impure. When the carbonic acid reaches ^ or 
1* per 1000 volumes, the air is what is called close and fusty; above this, it 
becomes disagreeable. In order to perceive the smell of the organic matter, 
the room should be entered from the fresh outside air, as after the observer , 
has been a few minutes in the room the odour becomes imperceptible. 

Pettenkofer has now adopted the limit of *7 measures of COg, and Degeu 
^66 measures per 1000, as the amount when the organic matter simultaneously 
present becomes perceptible. I would propose, then, to adopt the amount of 
•6 per 1000 volumes, or -0006 per cubic foot, of total carbonic acid (initial and 
respiratory) as the limit of impurity. I admit that I am not able to show by direct 
evidence that impurity, indicated by *7 or *8, or eveif 1 volume of carbonic 
acid per 1000, and oiganic impurities in proportion, is injurious to health. We 
possess no means of testing the effects of such small quantities. Such a standard' 
must be adopted, first, on the general evidence that large aerial impurities are 
decidedly hurtful, and that firaiaUer amounts may be pr^umed to be so in 
proportion, although we cannot measure the action ; and secondly, on the fact 
that we have an obvious and simple measure in the effect produced on the 
senses, which gives us a practical line of demarcation we could not otherwise 
obtain. 

Jn a paper by Dr de Chaumont,* it is shown, from a large number of observa- 
tions (473 analyses,) that the sense of smell cdrefuUy employed gives a very 
fair idea of the amount of impurity in an air-spaca In those experiments the 
amount of carbonic acid in the external air was determined at the same time, 
so that the respiratory impurity was accurately known. Dividing the observe- 
tions into groups the following results were gbtained : — 



1. Fresh, or not 
differing sen- 
sihly from the 
outer air. 

3. Rather close. 
Organic matter 
becoming 
perceptible. 

8. Close. 
Organic matter 
disagreeable. 

4. Very dosef 
Organic matter of-^ 
f ensiye and oppres- 
sive ; limit of dif- 
ferentiation by 
the senses. 

Mean CO^ per 1000 vole, re- 
duced to 0® cent. ( — 82® F. ), 
due to respiratory impurity. 

■ 

0*4182 

0-6708 

0*9064 


It will thus be seen that the smell of oiganic matter is, on an average, per- 
ceptible to the sense of smeU when the coincident CO 2 , due to respiratory 
impurity, reaches 0*1943 per 1000 ; and that when it exce^ 0*9054 the smeU 
is no longer able to detect shades of difference. Assuming the average ratio 
of COj in external air to be 0*4 per 1000, the inferior limit will be 0*6943, 
or closely approaching 0*6 as above adopted. We may therefore take 0*2 per 
1000 in round numbers as the maximum amount of respiratory impurity 
Omissible in a properly ventilated air-space. 

Adopting, then, this standard as the measure of the permissible maximum 
of impurity, the next point is the quantity of pure extmnal air which should 
pass through the air of a roenn, vitiated by respiration, per heM per hour, in 
order to keep the carbonic add at this ratio. The following tabl^ gives the 
aiiuswer to this question, under different conditions of cubic space 


, ^ Ihi the Theory of VentilaUo^ Proeoedings of the HoyiU Society No. 168, |k. l87, 1875 and 
1876. 
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Table to show the degree of Contamiiitaiton of iho . Air (in Urme. carbonic acid) bg 
JBespiraiioth, and the amount of air neeeaea^ to dilute to a given standard of *6 per 1000 
volumes ofair^ of ioMch '4 is the earb : add naturally existing^ and '2 is from, respira- 
tion, In the table a dedtiction is imde of the initial *4 volumes of carbonic add per 
1000, for the sake of clearness. 


As already stated, for the sake of simplicity, the carbonic acid naturally in 
the air has been disregarded, but, of course, there would be actually in the air 
•4 volumes per 1000 more from this source. Thus in the room of 100 cubic 
feet there would be at the end of an hour (*04+ *6) *64 volumes, or 6*4 per 
1000, and in the room of 200 cubic feet there would be *34 volumes per cent., 
or 34 per 1000. 

The above table is calculated by the following formula of Dr de 
Chaiunont : — * 

Let E be the ratio of COg naturally in the air (viz. *0004 per cubic 
foot) ; 

/ be the additional ratio per cubic foot of air of vitiation by 
• respiration of one male adult in an hour (the average 

being *6 cubic foot of carbonic acid) ; 
r be the ratio per cubic foot of air to which it is desired / 
should bo r^uced ; 

c be the capacity in cubic {eet of the air space ; 
d be the delivery of fresh air in cubic feet ; 

V be the entire volume of the air, viz., c + dL 
The formula is — • 

/ - R 

— X c » f? and v - c « d ; 

r - E 

or V may be eliminated thus ; — 


or, in other words, the difiference between the degree of vitiation and the 
admissible limit, divided by the excess of the admissible limit over the ratio 
in the outer air, gives a number, by which the capacity of the air-space must 
be multiplied, in order to find the amount of fresh air required to reduce the 
vitiation to the admissible Hmit. 

In the table idready mven, as the standard of practicable purity is taken 
as *2 per 1000 of CO^ ( =■ •0002 per cubic foot) from respiration, and this is 

* Lfttioet, Sept, 1866, and Edin. Med. Joatnal, TAsy 1867. These p^rs can referred to 
for several asefal formid^ I would also refer to the Blu^Book of the .Committee on the Cubic 
Metiopi^taa Workhouses (18671, in which will be idund several papers, especially one 
by Professor Donkin, in which this subject Is mathematically treated 
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of 6’ (the ratio per 1000^ that of yitiation fn)m lespiinti^^ 
room with 100 cubic feet), the multiplier is 30 ; in the room with 200 cubic 
f^ *2 is -^th of 3* (the ratio of vitiation), and the multiplier is 16, and 
soon. 

The answer may also be obtained by another formula of Dr de Chaumont’s. 
Let « be the assumed quantity of COj evolved by one individual per hour ; 

and p be the amount of respiratory impurity per cubic foot ; than^ « the 

required delivery of air per hour in cubic feet Thus if « be taken at 0*6 of 
a cubic fooi^ and p be the admissible limit of respiratory impurity, namely, 

0*6 

0*0002 per foot, then we have : ~ ^ 

hour to keep the air in the required condition. Conversely the formula may 
be used to find how much air has been delivered and utilised during the 
period of occupation. Thus^ in an experiment the amount of total COo was 
found to be 1*1 per 1000, or 0*0011 per foot ; — the amount in the open Wng 
0*0004 per foot, we have the respiratory impurity .(p)== 0*0011 -0*0004 = 

' 0*6 

0*0007 ; therefore we find : = 867 cubic feet of air per head per hour 

as the mean amount supplied and utilised during the period of occupation. 

If the standard of practicable purity, viz., *6 of carbonic acid per 1000 
Volumes (of which *2 is derived from respiration) is considered too high, as 
involving too great a cost, and if *7, *8, or *9 be taken, the amount of air 
required per head per hour will be 2000, 1500, and 1200 cubic feet respec- 
tively. If the emission of carbonic acid is taken, not at *6 cubic foot per 
hour, but as something less, as in the;^«ase of women and children, a clesa 
amount of air would suffice, and can 1^ calculated out at once from the 
formula. 

In reference to a proposed standard, it is now earnestly to be wished that 
there should be a genei^ agreement among medical men on the point ; aud I 
hope that the reasons already assigned will be considered sufficient to warrant 
the general adoption of *6 per 1000 of carbonic acid? or rather, 0*2 per 1000 
of respiratory impurity, as the standard of permissible maximum im- 
purity. c 

The amount of fresh air thus determined by calculation is in accordance 
with that determined by actual experiment. I have measured the air passing 
out of barracks and hospital wards, and found that when 1200 or 1400 cubic 
feet per head per hour only were given, the carbonic acid reached *7, *8, or *9 
per 1000 volumes, and that more than 2000 cubic feet were necessary to keep 
the air pure to the senses. Dr del Chaumont’s analyses^ agree closely with 
this ; so also the older experiments by Grassi, in Paris, at Mazas, and the 
latter observations of Genei^ Morin, as well as the observations and calcula- 
tions of others, idl fairly agree in this respect . 

General Morin, f from analysis of all the observations made in Paris, and 
from experiments of his own, gives the following amounts : — 

Amount of fresh air to be supplied per head per hour in temperate climates 
in the following circumstances : — . 

In barracks, = 30 cubic metres by day = 1069 cubic feet; 60 bynight, = 2118 
cubic feet Workshops, » 60 cubic metres = 2118 cubic feet Schools, « 30 

* Army llWcal Department Bepoi^ vole. v. ri. and vU. 

t Rapport de la Commlaeion snr le unauibge et la Ventilation des Batimens du Palais de 
.^^nstioe. Paris, 1980. The older obserrers gave mach smaller amounts, but 1 do not quote- 
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cubic mettes » 1059 cubic feeb Hospita^ » 80 cubic metres day and nigbir 
* «2825 cubic feet (in epidemics, 160 cubic metres).^ « 

Bonke, in his work on Physiology, f fixes the quantity at 60 cubic metres 
(2118 cubic feet) as the necessary TnininiuTn amount 
Both and Lex]: adopt Ihe maximum of * * * § 6 per 1000 ; but as they estimate 
the expired COg as 20 litres,§ or *706 cubic feet (Eng.) per hour, they give the 
hourly quantity of air as 100 cubic metres, or 3500 cuMc feet 

In mines which are thought to be well ventilated, not loss than 1400 cubic 
feet are given per head per hour, and if there is much fire-damp, as* much as 
6000 cubic feet have been supplied.|| A horse requires 2450 cubic feet per 
hour at the least Marcker has lately given the following amount from 
experiments : — ^For big cattle of 1000 ft weight, 30-40 cubic nletres 
( = 1069-1412 cubic feei ) ; for little cattle of the small weight 40-60 cubic 
metres (« 1412-1765 cubic feet). These amounts seem very small, but 
Marcher’s reasons for not giving more seem to be 07\ account of the lowering 
of the temperature. 

Although, in order to give precision to the subject, it is necessary to 
attempt to define the minimum quantity which is necessary, there is no doubt 
it is ^vantageous to have a la^er amount In the case of men m active 
work the amount of air must must necessarily bo larger than in repose. Even 
assuming the erect instead of the recumbent position increases the amount of 
carbonic acid given off. As men in work appear fe give off from 0*0060^ 
0*0116 of a cubic foot of COgper ft of body weight, according to the hardness 
of the work, it follows that, to keep the air to the ^opted standard of purity, 
a man weighing 150 fts ought to l^ve from 4500 to 8600 cubic feet of fresh 
air per hour, according to the amoq^ of work he does. In short, wherever 
practicable, we should be contented ^h nothing less than an almost unlimited 
supply. • 

2. pn the Quantity of Air required for Lights^ if the Air is to he kept Pure 

by Dilution. 

Air must be also supplied for lights if the products of combustion are 
allowed to pass into the room. Wolpert has calculated that, for every cubic 
foot of gas, 1800 cubic feet of air must be introduced to properly dilute the 
products of combustion ; and this is not too much if we remember that a 
cubic foot of good coal gas produces about 2 cubic feet of carbonic acid, and 
that sulphuric acid and other substances may be also formed. A common gas 
burner will bum nearly 3 feet per hour, and will consume JO or probably 12 
cubic feet in an evening (4 hours), and therefore from 18,000 to 21,600 cubic 
feet of air must be intr^uced for this purpose alone iii the 4 hours, unless the 
products of combustion are removed by a special channel The power 
of illumination being equal, gas does not produce more carbonic acid than 
candles (Odling), but usually so much more gas is burnt that the air is much 
more detoriora^ ; there is also greater heat and more watery vapour. The 


* These amounts are somewhat mbdifled in his Manual Pratique du Chaufhge and de la 
Ventilation, 1874. They are, however, all too low for good Yentilation. 

+. GrundaUge der Phys., 1868, p. 87A 

± Loo, eit, p. 221. 

§ This amount is also adopted by General Morin. 

il It has been stated, Arom extensiTe observations, that, in mines, if it is wished to keep up 
we greatest energies ot the men, no less thim 100 cubic feet per man per minute (—6000 per 
nour) must be given ; if the quantity is r^uoed to one-third, or even one-^lf, thdl is a serious 
e^i^tion in the amount of work done by the men. This amount includes, of course, all 
^^^'vmnted in.the^n^ fo^ lights, kei>-^Prooeeding$ the (HfHl £ voL idi. 
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products slioidd never be allowed to escape into the air of the room. Weaver 
has shown hov; important a source of impurity this is ; and the bad efifects of 
breathing the products of gas combustion are well known. 

A lb of oil demands^ for complete combustion, 138 cubic feet of air; and to 
keep the air perfectly pure, nearly ^ much air must be introduced for 1 ft of 
oil as for 10 feet of gas. In min^ 60 cubic feet per hour are allowed for 
ec^h i^ht ; the lights generally are dim, and the amount of combustion is 
slight; but this seems an extremely small amount 

If gas is not burnt in a room, or in a very small amount^ or if only candles 
or oil lamps are used, it is seldom, necessary to take them into account in esti- 
mating the amount of air. 

. • 

3. On the Quantity required for the Reapiratior^and Dilution of the 
Emanations of 8i^ Men. 

^ With regard to sick men, it is impossible to say what quantity should be 
given. In some diseases, so much organic substance is thrown off, that 
scarcely my ventilation is sufficient to remove the odour. At the Hospital 
Beaujon in Paris, it was shown, as long ago as 1847, that 60 cubic metres 
( = 2118 cubic feet) per head per hour did not remove all odbur from the 
surgical wards after dressings. Graasi* mentions that a perceptible odour 
diff^ed from a case of cajj^ceroua ulcer in a ward in the Hdpital Necker at 
Paris, although the ventilation at the time was 3600 cubic feet per head per 
hour ; but bad odour will perceptibly taint an hospital ward with a greater 
allowance of air even than this. Dr Sankey found the wards in the I^ndon 
Fever Hospital to be not free from odour when 3720 cubic feet per head per 
hour were passing in. In some of the J^ondon Hospitals Dr de Chaunipnt 
found that there was stiU a close smell when 6000 cubic feet and even more 
were supplied, but the distribution was hot perfect. Even when 3600 feet 
were supplied and utilised (as calculated from the CO 9 ) the ward was not free 
from smeU. In his paper on the ‘^Theory of Ventilation” (Proceeding)^ of 
the Eoyal Society loc, ciV,), he showed that whilst the smell of organic matter 
was still imperceptible in barracks, among healthy men, when the air 
contained 0’208 of CO 2 per 1000 , it was quite distinct in hospitals (among 
ordinary cases) when the COg amounted to 0*166 ; so that if 3000 cubic feet 
per hour be put as a minimum in health, this ought to be increased by one- 
third, giving 4000 as a minimum in sickness even of an ordinary character, 
— ^to be increased, of course, without limit in cases of a serious nature. In 
the new H 6 tel Dieu at Paris, it is intended to give at least 100 cubic metres 
(3600 cubic feet) per head per hour ; but this amount is not sufficient. Dr 
Sutherland believes that at least 4600 cubic feet per head per hour must be 
allowed when there are many bad cases, and especially surgical cases with 
open wounds ; and during epidemics, or when hospital gangrene, pysemia, or 
erysipelas are spreading, 6000 cubic feet at le^t must be given; or, in other 
word^ the supply must be almost unlimited. The 'best surgeons now consider 
an almost complete exposure of pyaBmic patients to the open air the best treat- 
ment; and it is -weVL known that in typhus fever and (to a less extent) in 
typhoid, and also in small-pox and plague, this complete exposure of patients 
to air is the first important mode of treatment, before even diet and medicines. 
Even temperature must be sacrificed to a consideriable extent, in <Mder to 
Qbtaiii fresh air, if a choice requires to be made between the twa 

— The condition of the air aa^regards humidity is a matter of some 

^ ___ — ; ^ 

^ Systtmes de:<|h«uffitige et de VentUation, bo. Par C. Orasai, 
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importance, but has not hitherto been much conmdered. In Dr de Chaumont’s 
experiihents the mean humidity, in rooms having less than 0*2 per 1000 of 
respiratory impurity (reckoned as CO^), was 73 per cent., at a temperature of 
63*’ Fahr. This might be taken, provisionally, as a standard.* 

SECTION IL 

THE MODE m WHICH THE NECESSARY QUANTITY OP FRESH 
AIR CAN BE SUPPLIED. 

This is an engineering problem, and there can be no doubt that in time to 
come it will be as caref uRy considered by engineers as the supply of water, or 
the removal of the solid and fluid excfeta. Ventilation is, in fact, the 
problem of the removal of the gasiform excreta of the lungs and skin. 

Sub-Section L — ^Prbliminaby Considerations. 

1. CuUcSfiace ,^ — ^A certain amount of fresh air has to pass through a given 
air space in a fixed time to order to maintain a certain degree of purity ; the 
amount has been fixed (page 143) at 3000 cubic feet for each adult heathy 
male in an hour ] before considering the appliances for moving this air, we 
must consider what should be the minimum size of the air space for ec^bh 
healthy male adult through which the fresh air has to pass. 

This will entirely depend on the rate at which air can be taken through the 
space without the movement being perceptible or injurious. The size of the 
spafe is chiefly of consequence, as it affects this condition. The larger the 
air space the less is the necessity fonthe frequent renewal of air, and the less 
the chances of draught. Thus a space of 100 cubic feet must have its air 
changed thirty times in an hour, if 3000 cubic feet of air are to be given, 
while a space of 1000 cubic feet need only have it changed three tirnes in an 
hour for an equal ventilation. 

When the most perfect mechanical means are employed, the air of even 
a small air space can be changed sufficiently often without draught. Thus, in 
Pettenkofer’s experimental room aA Munich, the air space is 424 cubic feet, 
and 2640 cubic feet can be drawn through by a steam engine in an hour 
without perceptible movement 3 in other words, the change is six times per 
hour nearly. With the best mechanical contrivances, and with disregard of 

* From the state of the air as reraurds humidity, information may sometimes be obtained 
which might take the place of the 00s determination, in the absence of means for canyins out 
the latter. For instance, at St Mary’s Hospital the air of the warcis was found to have ^ per 
cent, of humidity, or 6*8 per cubic foot ; to reduce it to 73 ]ger ^ grains per cubic 

foot, while the external air contained 6*2, we should have should re* 

quire to add to the existing delivery of air, at least as much more per hour as would equal the 
total cubic space. In the case referred to this was about 2266 oubio feet. The actual supply 
was 2080, total 4886 per head, or about the ouantity demanded for proper hospital ventilation. 

f For the rules on the measurement of cubic space, see the chanter on the Examination of 
Air. In the metropolitan lodging-houses, 30 superficial and 240 cubic feet are allowed ; in the 
mtion-houses of the metropolitan police 60 feet superficial and 460 cubic feet are given, ^e 
Board allows 800 cubic feet for every healthy person in dormitories, and fhnn 860 
cubic feet and upwards, according to circumstances, as far as 1200 cubic feet for every sick 
pei^n. In Dublin an allowance of 800 cabic feet is required in the registered lodging-houses, 
i^m an excellent pamifixlet, entitled Essentials of a Healthy I^elting. p. 18.) In the 
army flie allowance is 486 cubic fheUfrussiaa measurement, whieh is ne^y the same 
as finglish), the superficial space beings 42^ square feet'; in the old Hanoveriiui army the 
2^ic epaoe was 700 to 800 cubic feeMPrussiaii). , Th4 London School Board have given, in a 
^eru schpolioom, 10 square feet per stfiiolto, Idd iu graded schools 8 square feet ; the height 
was ordered to be 13 feet— making l80 and I 17 cubic feeti^pectively. This seems very smalL. 
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eost^ we are therefore certain that a cubic space of 424 feet would 

sdfhcie^^ and is every probability that engineeis could ventilate even 
a sini^ space without perceptible movement. 

But if the mechaniccd contrivances are of an inferior kind, and particularly 
if natural ventilation is used, the difficulties of ventilating a <|paall' space are 
considerable, and are caused not so much by the rate of movement of the 
greater part of the air in the room, as by the rate at the openings where the 
nesh air comes in very quickly, and causes currents in the room. Suppose, 
for example, a space of 600 cubic feet with a man in it, who has to be supplied 
with 3000 cubic feet in an hour ; if the inlet opening be 12 square inches, 
the rate of movement through it would be 10 feet per second, or nearly 7 
miles per hour ; if 24 square inches, it would be 6 feet^ or about 3*4 miles per 
hour. In either case, in such a small room, the ai^ could not be properly 
distributed before reaching the person, and a draught wpuld be felt If 
mstead of 500 cubic feet 1000 were given, the problem is easier, for the small 
current of fresh air mixing with the larger volume of air in the room is more 
easily broken up, and the man being fisher from the opening the movement 
is less felt The question, in fact, turns in great measure on the power of in- 
troducing the air without draught 

If the change of air is carried on by what is termed natural ventilation, and 
under the ordinary conditions of this climate, a change of air six times per hour, 
as in Pettenkofer^s room, cdifld not be attempted. Even five times per hour 
would be too much, at least in barracks with 600 cubic feet per head, the 
rooms are cold and draughty, when anything approaching to 3000 cubic feet 
per head per hour are passing through ; that is a change of five times per hour 
for each 600 cubic feet of air spaca A change equed to four or thr^ tigies 
per hour is, I believe, generally all that can be borne under the conditions of 
warming in this country, and if this be Arrect, from 750 to 1000 cubic feet 
should be the minimum allowance of the initial air space. 

With good warming and an equable movement which, however, is pot 
always easy to get, there might be larger inlets, and therefore more easy dis- 
tribution and a smaller air space to begin witL If 4he inlets are 48 square 
inches, the rate through them to supply a space of 600 cubic feet with 3000 
cubic feet per hour, would be only 24 feej per second j and if, as should be 
the case in artificial ventilation, the iiuot is 72 or 80 square inches in size, the 
rate would only be a little over 1 J foot per second, which would be impercep- 
tible even at the orifice. But there is an argument against a small cubic space 
even with good mechanical ventilation, viz., that if anything arrests the 
mechanism for a time, the ratio of mpurity &om respiration increases 
faster in a small than in a large space, t 


. * It will, of course, be TOrceived that the whole alignment turns on the assumption of the 
correctness of the standard of practicable purity, vis., *6 volume sof carbonic acid per 1000* 
If a less pure standard is fixed, the amount of liM air per hour would of course be less ; but 
I hope the purer standard will be adopted. 

f Experimental data on many of these points are stiU wanting. In prisons, with cells for 
separate oondSnement and artificial ventUation, the amount of space is seldom under 750 to 800 
cuoio feet, and practically this is found to be too small. 

In PentonvUle Prison, on Jebb's system, the air was hardly ever changed three times in the 
ho ' * . . ... V _ 

mean i 

Jebb’si . , , , - , 

tile cells areionly about 606 in capacity. In Aldershot militi^ prison (not on Jebb’s prini^ple) 
with cells ahfwit 600 cubic feet m size, the mean supply was under 500. And in Chatham con- 
vict prison, where the cells are only 200, the mean supply was about 490. Wilson (Hand- 
book bf Hyg^ne) appears to have found the air ohangedm tiie lAige cells at Portsmouth oon^ 
Viet prison sbont and in the email abimt itimee : this, however, is certainly 

wt&tuik. (F.deC.) 
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The wamth of the moving air inflomioee the sensation of the persons ex*' 
posed to it At a temperature of 66"* or 60'*, a rate of 1^ feet per second ( » 1 
mile per hour nearly) k not perceived; a rate of 2 and 2^ feet per second 
(1*4 and 1*7 miles par hour) is imperceptible to some persons; 3 feet per 
second (2 mili|s per hour nearly) is perceptible to most ; a rate of 3^ feet is 
perceived by w persons ; ady greater sp^ than this Will give the sensation 
of draught, especially if the entering air be of a different temperature, or moist 
If the air be about 70'’ Fahr., a ra&er greater velocity is not perceiyed, while 
if it be still higher (80** to 90° Fahr.), &e movement becomes again more per- 
ceptible, and this is also the case if l^e temperature be below 40° Fahr^ If 
the air could be warmed to a certain point in a cold climate, or if the climate 
be warm, there may be a much more rapid current, and consequently a 
smaller cubic space mi^t be given. The subject of ventilation is in cold 
climates connect^ inseparably with that of warming, for it is impossible to 
have efficient ventilation in cold weather without warming the air, (See 
chapter on Warming.) ^ 

The above remarks apply to adult males; for women and children 
it might be considered t^t the amount of fresh air and of cubic space 
should be less, as they vitiate the air less^than men. But as the difference 
between women and men is not great, and as children, in proportion to 
their size, undergo a more rapid tissue change than adul^ it would be the 
safest course to have the same rule for all -individuals of whatevOT i^e, 
except the very youngest and oldest, who require special conditions of 
warming. Some persons, however, cl^ two children as one adult ; but if 
this be adopted, the rule should, at any rate, be restricted to children under 
fiv# years old.* 

The amount of cubic space thus assigned for healthy persons is far more 
than most people are able to have ;®in the crowded roonw of the artizan class, 
the average entire space would probably be more often 200 or 250 cubic feet 
per head than 800. The expense of the larger rooms would, it may be feared, 
be fatal to the cliance of such an ideal standard being generally carried out ; 
but, after all, the question is, not what is likely to be done, but what ought 
to be done ; and it is an encouraging fact that in most things in this world, 
when a right course is recognisec^it is somehow or other eventually carried 
out. 

So, in the case of soldiers, the amount of authorised regulation space 
(600 cubic feet), is below the standard now given, but stiU the space is 
as much as can be demanded at present. It has been found very 
Hfficult, without incurring greater expense than the country would bear, to 
give every man even the 600 cubic feet, and as soldiers ore healthy men, and 
can bear rapid movement of air, and as some of the entering air is warmed 
by the barrack grate, the 600 cubic feet may possibly suffice. 

For sick persons the cubic space should be more than for healthy persons* 
We are to remember that there are other impurities besides those arising from 
respiration and transpiration, and that immediate dilution and as speedy 
removal as can be managed are essential 

Very much the same consideiations apply to sick as to healthy men, except 
that the allowance of .air in all cases ox acute diseases must be greater; and, 
therefore, especially if natural ventilation be employed, the cubic space has to 


If any difference is made, (duldren ought to be considered as evolving not leap, than 0*46 of 
a <mbic foot of COs per hour ; the amount 0*6 ought to be retained for vomen, and 0*7 oi^t 
to be allowed for men. In this way the hourly supply in health in repose ought to w 

For children, . • 2250 ; for women 8u00 ; for men 8^.* 

In oidinary sickness, 8400; „ 4000; „ 6260*^ 
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to imsure good disrtribiition mthout diaugbt, for surface 
^Mlliug must be carefully avoided. 

Admitting that on an average 4000 cubic feet of fresh air should be 
mipplied, in hospitals, per patient per hour, and if the change of air is to be 
four or three times per hour, as tlm best rate of movement, ^e cubic space 
inust be 1000 or 1300 cubic feet respectively. A consideration of another 
Jkind may aid in dptennining the question as regards sick men. In hospitals 
a certain ^ount of floor space is indispensably necessary ; first, for the lateral 
sepamtion of patients ; secondly, for coftvenience of attendance. For the 
fin^bj ect the greater floor space the bettey; and in respect of the second, Dr 
Aclftidkas clearly shown that the minimum floor space for convenient nursing 
should 72 square feet^per bed.* In a ward of 12"feet in height this would 
give 864 cubic feet. f',. ♦ 

Considering, however, the immense benefit to patients of pure air, and 
the pi^tical experience of hospital physicians, it is very desirable not to 
fix th^ floor and cubic space of hospital words intended for acute and surgical 
diseases, and for cases with copious discharges, at the minimum of what 
may suffice. The desire of most hospital physicians and surgeons is to 
obtain for their patients, if they can, a floor space of 100 to 120 square fe,et, 
and a cubic space of 1600 to 2000 cubic feet^ and I believe that this is 
true wisdom. 

A notion prevails among many people, that cubic space may take the place 
of change of air, — so that if a larger cubic space be given, a certain amount 
of change of air may be dispensed with, or less fresh air bo required. This 
is quite erroneous : even the largest space can only provide sufficient air for a 
limited time, after which the same amount of fresh air must be supplied 
hourly, whether the space be laige or small This is shown by the table on 
page 143. Even in a space of 10,00Cf cubic feet per head the limit of 
admissible impurity would bo reached in a little over 3 hours, after which the 
same hourly supply of 3000 feet would be as necessary as in a space of 100 
cubic feetf 

The amount of ventilation for animals has not been experimentally deter- 
mined to my knowledge. A horse is said to require at least 2466 cubic feet 
of fresh air per hour, but he probably requires more, and the analysis of the 
air of stables shows that the air has frequently been very impure.^ At 
present, the Army Regulations allow, in new stables, each horse 1606 cubic 
feet, and 100 square feet of floor space ;§ and the means of ventilation, as 
will be presently noticed, are ample. In the new Aimy Horse Infirmaries, 
the superficial area is to be 127 square feet, and the cubic space 1900 feet 
per horse. * 


* See report of the Committee appointed to inquire into the cubic space of Metropolitan 
Workhouses. 1867, p. 12. ‘ ^ 

t For further remarks on this point see my Lectures on State Medicine ; also Hygibne in the 
Sanitary Record, 1874-5. In a pamphlet by General Morin, Note sur I’espace cubique, &c., a 
table is given that might he misleading, without explanation. It really shows the amount of . 
BIT necessary to dilute a certain amount of impurity evolved in a certain cubic space, and is 
similar to the table given on page 148 of this work. For continuous ventilation the necessary 
supply in any ordinary space after the first hour, is a constant quantity. (F. de 0.) 

i If there is a constant relation between we^ht and the evolution of CO- (as seems likely), 
thenu Imrse, wetehiM 500 Ifcp would evolve per hour about 2 cubic feet of CO. which would 
10,000 cubic feet of air to reduce to the 8tandm:d adopted for men. The supply above 
named (2466) would reduce the impurity to from 0*8 to 1*0 per 1000 according to the size of 
animal ; adding to this 0*4 for the incoming air, we have 1'2 to 1*4 as the probable con- 
dition of the air of the stable. JMWrcker fixes the standard at 2*5 to 3.0 per 1000, which 
.would argue a delivery of air of ollly about 800 to 1000 per hour, certainly too small, 
y. § ^pdrt of the Barrack and Hospital Improvement Commission on the Ventilation of 
Csvaliy Stahlfis, 1868, p. 10, ' 
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In ike stables of cattle there is of ten eAceesiye oyer^ciowdiiig, and it is 
well-known that there is a yast amoniit .of disease among then^ which, how- 
eyer, is seldom allowed to go far, as they are sent to the butcher. Dr BaUard, 
who paid great attention to the cattle plague in Islington, recommended that 
at least 1000 cubic feet should be allowed per animal. 

2. Source of the air mpplied . — In order that the object of the ventilation 
shall not be defeated, it is necessary that the air enter:\pg a room shall be 
piuu The air must be the pure eadiemal air, and not be deriyed ^om places 
whero it has stagnated and l^enrtip itnpurit|^ ; if it indrawn along passages 
or tubes, and through louvres or basements,^ these should be capah|i of 
inspection and cleansing. All air-shafts should, if possible, be short and 
easily cleaned. This is Un important rule, and should lead tcvthe ix^tion of 
all plans .in which the air-shafte are long and incajUsible of being cleaiied. I 
have seen sever^ .u^tances of air being distributed by costly appliances, and 
yet being drawn from an impure spurce, or allowed to be contaminatojd on its 
jiassage. Instead of perforate bricks, there shoiild be sliding p^els^ or 
hinged flaps, so that the tube may be easily reached. 

3. Warming or cooling of the air . — The air may require to be warmed 

to 60” or 65“ Fahr., or cooled according to the season dr locality. The 
warming in cold and temperate cUmates is a matter of necessity, as, if dis- 
comfort is caused by cold draughts, ventilation openings are ce^ain to be 
closed. . ^ 

4. Dietrihution . — ^The distribution in the ro6ms should be perfect, that is, 

there should be uniform diffusion of the fresh air through the rooms. The 
best way of ascertaining this is to compare the amount of ajr utilised, as 
cjjculat^ from the ob^rved COg, with the actual movement of air, as 
measured with the air-meter. If the distribution is good the two quantities 
ought not to differ materially. Mftch difficulty is found in properly managing 
uniform diffusion, and it requires careful arrangement of the various open- 
ings. The distributing plans should, if possible, prevent the chance of 
breathed air being rebreathed, especially in hospitals. As the ascent of re- 
spired air is rapid, on account not only of its temperature, but from the force 
with which it is propelled upwards, for patients in bed, the point of dischaigo 
should be above. . ^ 

During the last few years it has been argued that it is better that the foul 
air should pass off below the level of the person, so that the products of 
respiration may bo immediately drawn down below the mouth, and be replaced 
by descending pure ain:* But the resistance to be overcome in drawing down 
the hot air of respiration is so great that there is a considerable waste of power, 
and the obstacle to the discharge is sometimes sufficient, if the extracting 
force be at all lessened, to reverse the movement, and the fresh air forces its 
way in through the pipes intended for discharge. This plan, in fact, must bo 
considered a mistake. The true principle is that stated long ago by D’Arcet. 
Tn the case of vapours or gases the proper place of discharge is above ; but 
heavy powders, arising in certain arts or trades, and which toin their weight 
rapidly fall, are best drawn' out from below. 

Sub-Section IL— tMeans by which Aib is set in MotIqn. 

These are i—lstf the forces continually acting in nature, and which produce 
what has been termed natural ventilation. 2^, The forces set in action by 
man, and which produce the soK^ed artificial '^ntilation. 

_ The division is convenient, but not strictly loj^c^ as the forces Which act 
in natural do so also in artificial ventilation to a cert^ extent 
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KATUIUL YBNTZLATIOZf — G eNKRAL STATBlOBEm 

Thxee foroes act in natural ventilation, vit, difitasion, windi^ and thE 
differonoe in weight of masses of air of unequal t^pe^tuie. 

1. niFBOISION. 

Aa every gas diffuses at a certain ra^ viz^, inversely as the square 
rogti of its density, there is a constajy^ escape of any fore^ gas into 
tl^lMmospheie at lacga IVom every roim that i^ not air-tight Pettenkofer 
and Jtoscoe have 8ho\^ that diffusion occurs through brick and stone, and 
Pe|TOnkofer believes that one of the evils of a newly built and damp house is 
iha.t diffusion cannot occur through its walls. But t^ie ordinary plai^red and 
papered walls reduce diffusion to a most insignificant amount. Through 
chinks and openings produced by imperfect the air diffuses fast, 

and Eoscoe found that when he evolved carbonic acid in a room the amount 
had decreased one-half from that cause minutes. 

The amount of purification produced by diffusion under ordin^ circum- 
stances is shora by observation to be insufficient, and, in addition, organic 
substances, whmh|(are not gaseous, but molecular, are n^ affected by it. Aa 
a general ventilatmg power, it is therefore inadequate. 

2. THB Acnoif OP THE WINDS. 

The wind acts as a powerfeit ventilating agent, and in various ways. If it 
can pass freely through a room, with open doors and windows, the effect it 
produces is immense. Por example, air moving only at the xaJbe of 2 miles 
an hour (which is almost imperceptible), and allowed to pa^ freely throi^h 
a space 20 feet wide, will change the air of the space 628 times iu one hour. 
No such powerful action as this can be obtained in any other Way. 

The wind will pass through walls of wood (single-cas^), and even of porous 
bricks or stone ; and perhaps this will account for the fact that such houses, 
though cold, are healthy ^bitationa By covering a brick with wax, *or 
inclosing a portion of a brick wall in an air-tight boXj^Pettenkofer has shown 
that the force of the breath will drive air throu^ the brick, and will blow 
out a candle on the other side if the current of air be collected in a small 
clmnneL The force required to drive the dir through is, however, really con- 
si&rable, as the air in the brick must be brou^t into a state of tension. 

Marcker* has given the following as the amount of air passing in one hour 
throu{^ a square metre of wall space, when the differj^oe^of t^perature is 
1** C. : — San^tone, 1*69 ; limestone, 2*32 j brick, 2*83 ; tufaceoua limestone, 
3*64 ; and loamy brick, 5-12 cubic metres of air. The httle. porosity of sand- 
stone depends on the amount of moisture it holds. The moisture, in fact, 
greatly influences the transit. Plaster, however, appears to arrest wind, if it 
be true, as stated, that in the interior of some tid^ wall% after many years, 
lime has been found still caustic } and Marcker also' notices the obstructive 
effects of mortar. 

There are two objections to winds as ventilating agents by perflation. 

1. The air may be stagnant. In this country, and, indeed, in most 
countries complete quiescence of the air for more thw a few hours is scarcely 
known. Air is called “ still ” when it is leaQy moving I or 1 J mile an hour. 
The average annual movement of the airin tlma coont^is from 6 to 12 miles 
hourj but it varies, of course, greatly from day to day, and in different 

* Uutenmoh. ttber nat et kfiaWohe Ventilatioii, €Njttiiigeii, 1871. The TentUation of 
stalUi and tftahlee is well discussed in tiiiia boo^ The BXsxmx^ of CO« is fixed at 2*5 to 3 

per 1000 Toltimes of air. 
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jplaces. The mean movement at Netley (ayeiage of 18 yearn) is about 10^ 
per hour; at Aldeishot it is 12^ luiles per hour (mean of 5 years.) 

2. A much more serious evil is the uncertainty of tiie movement^ and the 
difficulty of regulation. When the velocity re^es 5 or 6 feet per second, 
unless the air hd warm, no one will bear it. The wind is therefore excluded, 
or, if allowed to enter directly through small openingl^ is badly distributed. 
Passing in with a great velocity, it forces its way like a foreign body throng 
the air in the room, ca;^sing dra^hts, and escaping, it nmy b^ by ^i^e 
openiog without proper utfxing. I have measured a eurrenttentering % this 
way for many feet, 

But the wind acts in another way. A moving body of air sets in mo^on 
all air in its vicinity. Tt drives air before it^ and, at the same time, causes 
a partial vacuum on eitkper side of its own path, towards which all the air in 
the vicinity flows at afigles nibl^or less approaching right angles. In this 
way, a sm]^ current moving at high velocity will set in motion a laige 
body of air. - 

The wind, therefore, blowing over the tops of chimneys, causes a current at 
right angles to itself up the chimney, and the unequal drau^t in furnaces is 
owing, in part, to the variation m the velocity of the ^ind. Advantage, 
therefore, can be taken of this aspirating power of the wind to cause a move- 
ment of air up a tube. The wind, however, may . impede ventilation by 
obstructing the exit of air from any j^icular mining, or by blowmg down 
a chimney or tube. This is, in fact, one reaii^ of the failure of so many 
systems of ventilation ; they may work well in a still atmosphere, but the 
immense resistance of the wind h^ not been taken into account. At 3 miles 
an^our, the pressure of the wind is f of an ounce on each square foot ; it is 
1 ounce at 3| miles; 2 oimces at 5 miles ; 4 ounces at 7 miles; at 10 
miles; and IJh at 14 milea At ]f etley the average pressure is a Uttlo over 
^5) per square foot, 

Jn some systems of ventilation the perflating power of the wind has been 
us^ as the chief motive agent. In Elgypt the wind is allowed to blow in at 
the top of the house through large funnels. This plan has been in use from 
time immemoriaL This was the case in Mr Sylvester’s plan, which was used 
at I>erby and Leicester forty or fif ^ years ago. A large cowl, turning towards 
the wind, was placed in a covenient spot near the building to be ventilated — 
a little al^ye the ground if in the country, or at some, height if in a town. 
The wmd blowui|ELdown the cowl passed through an under-ground channel to 
the basement qf house, and entered a chamber in which was a so-called 
cockle-stove, or calorifere of metal plates, or water or steam pipes, by which 
the air was warmed. It then ascended through tubes into the rooms above, 
aui passed out by a tube or tubes in the roo^ which were covered by cowls 
taming from the wind. So that the aspiratory power of the air was also 
used. This plan is extremely economicfi^ but the movement of the air is 
unequal, and it is difficult toT regulate it. It has been proposed to place a fan 
m the tunnel to move the air in j^riods of cabn, and the plan then becomes 
identical in principle, and abhost in detail, with the method of Van Hecke. 

Mr Eitchie'^ has employed a similar plm in the ventilation of a dwelling- 
house. The air is warmed in winter to about 70® Fahr. ; every room has a 
longitudinal opening over each door, concealed by the architrave, and regulated 
by valves, and through thm the warm air from &e staircase enters the rooms, 
and then passes up the chimney, and up outlet aiiv-flues placed in the walls, 
commencing at the ceiling, and ending at the wall-heads under the rool 
— : — ' — ' • -■ ■ ^ ^ ^ 

* Treatise on Ventilation, by Robert Ritchie, O.JS., 1362, p. 89. 
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©r Amntt veiitilat^ *feh6 Fi6ld Lano Baggod School out this prisciplB with 
exceUeiit effect^ as is shown by the annexed cut. In this cas^ as in all 
others, the moveznent is also in part carried on by the third cause of motion 

in air, viz., the effect of unequal 
density of masses of air. 

In the ventilation of diips, the 
wind is constantly used; and by 
wind-sa^ and tubes with cowls 
turninjf libwai^ the wind, air is 
driven between decks and into the 
hold. 

In nwing the wind in this way, 

f e difficulty i6 to distribute the air 
/&at it ftbflU not cause draughts. 
^This is best done by bending the 
tubes at right angles two or three 
times, so as to lessen the velocity, 
by enlarging the channel towards 
the (mening in the interior of the 
vessel, and by placing valves to par- 
tially close the tubes, if necessary, 
and by screens of wire-gauze. * 

In all ckses in which thmir of a room, as in abasement story, or in the hold 
of a ship^rhaps, is likely to be colder than the external air, and when artificial 
means of ventilation cannot be employed, the wind should betaken advantage 
of as motive agent. t 

The aspiratory power of the wiM^can be secured by covering aiivshafts with 
movable cowls turning from the aiJ& special forms of covering hereafter 
described, which aid up currents ^d prevent doiyn draughts. 

3 . MOVEMENTS PRODtJOED BY UNEQUAL WEIGHTS OP AIB. 

The wind itself is caused by this power; but it ieT necessary, in discussing 
ventilation, to look upon this as if it wore an independent force. If the air 
in a room be heated by fire, or the presence of men or animals, or be made 
moister, it endeavours to expand ; and if there be any means for it to escape, 
a portion of it will do so, and that which remains will be lighter than an 
equal bulk of the colder air outside. The outer air will then rush into the 
room by every orifice, until the equality of weight outride and inside is re- 
established. But os the fresh air which comes in ^ is in its turn heated, the 
movement is kept up in a constant stream, cold air entering by one set of 
orifices, and hot air escaping by another. 

We have now to inquire how the rate of this constant stream of air may be 
calculated, t The mode most* generally used is based on two well-known 
laws : first, that the velocity A feet per second qI Mling bodies is equal to 
(nearly) 8 times the square root of the height through which they have fallen ; 

the USA of perforated zinc plates and of wire-gauze is very common in ventilation, it is 
necessary to bear in mind that these screens very soon get clogged with dirt. In ril cases they 
should be so arranged as to be easily inspected and cleaned ; and it should be a matter of routine 
duty to see that they are constantly kept clean. It should also be understood that the delay by 
friction through the fine wire-gauze is exceedingly great. I believe it is better to avoid theur 
.use as much as possible. 

t Many of these points are given in Hood’s Treatise on Wanning and Ventilation, and in 
Wblp^ (Principien der Vent und Luf^eizo]^, and are also discussed in P^clet (Traitd de la 
CliiidfHUv ^ edit), and by General {mudes but la Ventilation, Paris, 18C8, t ii.), to 
wbibh zefarenoe is made for those wbo yririi to enter into th^e mathematical part of the inquiry. 
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and, second, that fluids pass through an orifice in a partition with a velocity 
equd to that which a body Would attain in f aUing through a height equal to 
the difference in depth of the fluid on the two sides of the partition.^ The 
pressure of air upon any surface may be represented by the weight of a colunm 
of air of uniform density of a certain height Thus the pressure of the atmo- 
sphere at the surface of the earth is nearly 169^ on the square inch, and this 
would be the weight of a column of air 'e^ ^bout 6 miles in height Air, 
therefore, rushes into a vjicuum with a velocity equal to that which a heavy 
body would acquire in lulling from a height of 5 miles, viS^, 1304 feet per 
second. But instead of rushing into a vacuum, it rush into a chamber in 
which the air has less pressure than outside, its velocity will be that due to a 
height which represents the difference of pressure outside and inside. In 
ordmary cases this diffesence of jjessttre cannot be obtained by direct observar 
tion, but must be inferred tom the difference of temperature of the outer and 
inner air. Air is dilated one part in 491 of its volume for every degree of 
Fahrenheit that its temperature is raised, consequently the difference of pressure 
outside and inside will be as follows : — 

The height from the aperture at which air enters to that tom which it 
escapes, m^tiplied by the difference of temperature between outside and inside, 
and divided by 491. 

If the height be 20 feet, and the difference of temperature 16 degrees, we 

20 X 15. 

have the height to produce velocity of inflowing;,j^current = — 491 ^ «=0*61 of 

a foot, and the velocity = 8 Ay'61=8x *781 =6*248. This, howdver, is the 
theoretical velocity. In practice an allowance must be made for friction 
off, h or even J, according to circumstances. The diminution of velocity 
tom friction is in proportion to th%len^j^ of the tube, and is inversely as the 
diameter. Eight angles greatly increase friction f The friction increases 
also as the square of the velocity. The deduction of Jth would leave 4*686 
linear feet per second as the actual velocity. If this be multiplied by the 
area of the opening, in feet, or decimals of a foot,:]: the amount of air is ex- 
pressed in cubic feet p^ second, and multiplying by 60 will give the amount 
per minute. 

A table is given at page 178, m which this calculation has been made for 
all probable temperatures and heights ; but it must be remembered that the 
movement is greatly influenced by the wind. 

This cause of movement is, of course, constantly acting when the tempera- 
ture of the air changes. It will alone suffice to ventilate all rooms in which 
the air is hotter than the external air, but will not answer when the air to be 
changed is equal in temperature to, or colder than, the external air. 

As its action is equable, imperceptible, and continuous, it is the most useful 
agency in natural ventilation in cold cUmates, in inhabited and warm rooms ; 
and in all habitations arrangements should be made to allow it to act. As 
the action increases with difference of tem^ratur% it is most powerful in 
winter, when rooms are artificially warmed, and is lealt so, or is quite arrested 


* This ia frequently called the Rule of Montgolfier. The formula is v^^2g1i;^g being 
the acceleration of yelocity in each second, of time, vis., S2*18 feet, and H the height of the 
descent. 

+ The friction caused by angles is probably nearly in the proportion of where d is 

the angle in the tube ; by this formula right angles would cause a loss of one-half ^e yelocity. 

t It wiU be found always easier to take the area in decunalsbf a foot instead of inches ; but 
if it be taken in inches, multiply the linear discM^rge by the number of square inches, and 
divide by 144 * V 
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m flonuner, or in hot dimatea, when the intemal eod extenud tempetatoMs 
an&identicaL 

4. P ttAfmriATi APPLICATION' OP THB GBNBRAL BTATBMBNTS OP NATURAL 

VENTILATION.* 

1. ifo particular arraugemeiitB are necessary to allow diffusion to act, except 
that there shall be communication^tween two atmospheres. 

2. To obtain the perflation of the wind, windows should be placed, in all 
cases where it can be managed, at opposite sides of a room. The windows should 
open at the top, and in case the wind has a high velocity, means should be 
taken to distribute it. This can bo done by sloping the window inwards 
when it opens, or a board may be placed obliquely upwards from the top sash 
of the window, when it opens in the usual way ; then the air striking against 
the board is thrown up towards the ceiling. Or, wire-gauze may cover the 
space left when the window is open. The velocity of the wind is checked by 
the gauze, and the current is minutely divided. 

Various plans have been proposed by different persons. The panes of glass 
may be made double, spaces being left at the bottom of the outside pane, and 
at the top of the inner one, so that the wind is obliged to pass up between 
the two panes before it enters the room. Or, the lower sash being raised, 
and a piece of wood placed below it, the air is fallowed to pass through the 
space left between the upper and lower sashes. Or, glass louvres, which can 
bo more or less closed, are placed in one of the panes of the window ; or a 
number of holes are obliquely bored through the panes, through which the 
air may pass up towards the ceiling before it intermixes with the air of the 
room. In Locldioad’s ventilator there is a frame over the glass louvre, ijdth 
a regulator in the centre. In Cooper’s ventilator a movable plate of gla^ can 
be brought by a movable handle over th^ opening. 

Stallard h^ proposed to ventilate worlahops and factories by having a 
double ceiling; the lower ceiling is to be made of zinc or oiled paper, per- 
forated with very numerous small holes; and the space between the two 
ceilings is to be freely open to the air on all sides ; thus there would be almost 
open-air breathing, as the communication with the external air would be con- 
stant and at all parts of the room 

Mr Potts ■ proposes a double comice, penorated through two sets of holes ; 
the upper holes are connected by means of the upper tube of the comice with 
the chmmey, the lower with the outside air ; the fresh air is supposed to enter 
the room, flow down the walls, and be generally diffused, while the vitiated 
air rises to the top, and passes off,’ through the upper holes. It is believed in 
this way that continual movement and good distribution are secured. I have 
not seen the results of any systematic inquiry, but the plan has been well 
spoken of by some engineers. 

Besides windows, speci^d openings may be - provided for the wind to blow 
through, as in the plans already referred to of Mr Sylvester and Dr Amott, 

In aU warm diimteiil where no chill can be produced by wind, it is a good 
plan, to make the walls entirely pervious. hTothing can be better than the 
ventilation of the bamboo mat^ houses in Bunnah. The wind blows 
through them, but is so broken up into currents that it is not in the least 
. unpleasant. Even in colder parts of India, the upper pasts of the walls might 
be made thus pervious, provision being m^e to cover them, if necessary, in 
the cold season. 

* A very eoodaocoimt of the varions phuui in natnnl Teniilatloii will found in Mr 
Zidward’s wow, On the Ventilation of X^elling-houses,’* 1868, in wbidi Agnres 6f the plans 
are given. _ ' 
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To obtain the full effect of the stinting power of the wind, ehinineyB or 
ventilating tubee dMild be fitted with cowls turning away from the wind; 
The cowl should be luge, and should expand gteatily towara# the end, so as 
to make the calibre of the opening several times greatu than that of the tube 
(fig. 13). Most cowls on dumneja are too smalL The uppu rimshQuld also 
project a little, so as to lessen the chance of rain getting in. 

Another form of coveriag is represented in fig. 12, and is also drawn in 
section (fig. 14). Whichevu way the wind blows it almost always causes an 
up-draught. A little rain, however, may possibly penetrate^ but otherwise it 
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is as good as the cowL Dr Macdonald’s twin-fan ventilator may be used also 
(see fig. 21, page 164). 

Louvred openings are not neuly so good; the asptrating^ct is much less, 
down-draughts are common, and rain gets in. li louvres are used, a plan 
invented by Mr Bitchie is a good ona* Inside tip louvre is a movable 
cylmder, turning with a vane ; on the side oppomte the wind is an opening 
through which the air esca^ (fig. 16). 

3. The movement produced by the Terence of weight of unequally heated 
bodies of air will, of course, go on through open wmdows and doors; and 
through all the contrivances just mentioned. ' But as in cold dunates windows 
and doors inust sometimes shut, no room of any kind should be without 

t. L 241} 5gntw a varied of owwingi, and auuiy otbeta Iisvft 
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ftcifi jtlftTifll - rtp ftTiiTigfl^ wliiVli may permit this movement from unequal tempera- 
ture to go on. The great difficulty here ia to exclude the action of the wind ; 
and, in fact, it is impossible to do so ; hut^ as far as po^ible, the openingB 
sho^d he protected from the ^|>e^ting influence of the wind, so that only iter 
aspirating force should be acting. They should be capable of being lessened 
in size, when the difference of the external and internal temperatures is great. 
As long as there are openings, movement will go on ; and it does not really > 
matter, as long as there is proper distribution, where the air comes in or goes 
out, or whether its direction is constant In fact, it scarcely ever is constant, 
so liable is the direction to be altered by winds, by the action of the sun 
heating one side of a room, by the unequal distribution of heat in the room, 
&c. Still it seems desirable, as far as it can be done, to make such arranger 
ments as shall give the movement of air a certain direction ; and therefore, in 
most systems, some of the openings are intended for the Emission of fresh 
air ; and are called inlet, entrance, or adduction openings ; others are intended 
for the discharge of impure air— and are termed exit, outlet, or abduction 
openings. 




Total aize of all the special openings^ whether intended for Irdeis or Outlets . — 
jb the movement of air increases with temperature, the size of the apertures 
can oidy be fixed for a certain given temperature ; and as the efflux of hot air 
increases with the height of the column (supposing the temperature is equal 
throughout), a different size has also to be fixed for different heights. 

This causes a difficulty in fixing the proper size for ventilating openings in 
the case of natural ventilation, as the conditions are so variable. The 
theoretical size for any required change of air, supposing the conditions were 
constant, may be obtained from the table at page 178, which is calculated 
from Montgolfier’s formula, with a deducfj|pn of J for friction. 

Thus, say that the height of the heated column is 20 feet, and the difference 
of temperature between the air in the room and that outside is 20®, the linear 
rate of discharge as stated by the table (allowance being made for friction)tti8 
322 feet per minute, or 19,320 feet per hour. If the opening were 1 square 
foot, this would give 19,320 cubic feet per hour. Bift if 3000 cubic feet per 
hour are wanted for one man, the orifice of 1 square foot or 144 square inches 
is too large, and must be lessened in thf proportion of 3000 to 19,320, 

** 22 square inches (roimd numbers), f.e,, reduced to 22 square 


inches. There must be a corresponding space for entry, Tnakiug the total 
ventilating opening 44 square inches. 


To take another example ) let us say the heated column is 15 feet, the 
difference of temperature 10®, and the required supply for one man 2000 
cubic feet. The table gives the linear rate as 197 feet per minute, or 11,820 
per hour; an orifice of 144 square inches would then give 11,820, and an 

orifice of 24 square inches would give 2000, ^ ^ ^20^^ « 24 ^ . But 

if in the above conditions 3000 cubic feet hourly supply were wanted, the 
opening must be 36 square inches. These examples iffiow how impossible 
it is to fix any size which shall meet all condition^ even if the influence of 
wind cotdd be completely excluded, which is impossible. The only way is 
to adopt a size which will meet most cases, and supply means of altering the 
size according to circumstances. In this country, a size of 24 square inches 
per head for inlet, and the same for outlet, seems calculated.to meet common 
ejo^itions i but arrangementB should be m^e for enabling this to^be lessened 
^ closed in very cold weather, or' if the influence of strong winds is too 
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mucli felt* Moraover, the size must in psit depwdent on the size of the 
room, because in a flunall room with many people it is impossible to have the 
size so ^reat as it would be if each person’s space were 48 square inchefi^ unless 
some portion of the air were wanned. . r m- _ . 

Relative size of the Inlets and Outlets. — It is commonly stated that, as the 
heated air expands, the outlets should be larger than the inlets, and the great 
disproportions of 5 to 4 and 10 to 9 have been given. As, however, the 
average difference of temperature is only about 10® to 16® Fahr. in this 
country, the disproportion is much too great, as a cubic foot of air only 
expands to 1*020361 cubic feet with an increase of 10®, Even if the 
difference is 30® Fahr,, a cubic foot of air only becomes 1*061 cubic feet, 
which is equal to an increase of about -^th. The difference is so slight that 
it may be neglected, anc^the inlets and outlets can be made of the same size. 

It is desirable to make each individual inlet opening not larger than 48 to 
60 square inches in area, or enough for two or three men ; and to make the 
outlet not more than one square foot, or enough for six men. Distribution is 
more certain with these small openings. It niust, however, be borne in mind, 
that if a calculation is n^e for a single opening of a certain size, dividing it 
into a number of smaller openings causes a great loss by increasing thefrictionj 
This loss is in the ratio of the square roots of the respective areas. Propor- 
tionate allowance must of course be made.t 

Poeiti(m and Description of the Inlet and Outlet Tubes. — 1. IrUets. — TJie 
air must be taken fromf a pure source, and there must be no chance of any 
effluvia passing in. As a rule, the inlet tubes should be short, and so made 
as to be easily cleaned, otherwise dirt lodges, and the air bepopies impure. 
Inlets should not be large and single, but rather numerous and small (from 48 
to 60 inches superficial), so that the air may be properlyx^tributed. They 
should be conical or trumpetH5haped%her8 they enter the room, as the entering 
air, after perhaps a slight contraction, spreads out fan-like, and a slight back- 
cuijent from the room down the sides of the funnel facilitates the mixing of 


* The following formula prtposed by Dr de Chaumont can be used instead of the table at page 
178. No correction is made for friction, and therefore the sizes should be increased in the pro- 
portion of 8 to 4 if the outlets are long. It is based on Montgolfier’s formula, with the dischaige 
calculated for the hour and for square inch^, instead of for the minute and the linear dischai^ 
as in the table. 

Let h be the height of the heated column of air ; t its temperature ; f the temperatnro 
of the external air ; *002 the ratio of expansion of air for each degree -of Pahr. ; and 1(K) a con- 
stant. Let D be the delivery required per hour, and ^ the total inlet and outlet area in 
square indies. Then to find 4 : 

• P t 

X *200) 

Example ; Suppose, as in the text, that the heated column be 20 feet, its mean temperatfire 
65% and that of the outer air 45% and the required delivery be 8000 cubic per hour ; 

- 88*6 

square inches for inlet or outlet, or 16*75 for inlet alone. Increasing this on the supposition 
that a quarter of the velocity is^destroyed by passage through a long tube, the size oftheinlet 
opening will be 22 square inches (round numbers). 

A converse formula by Dr de Chaumont may be also useful. If the area of the inlet opening 
(Sy) is known, to find the delivery per hour under conditions A, t, and f. 



The constant 200 is obtained by multiplying 8600 (seconds per hour) by twice t he square root 
of 16*00 («. 8 nearly), and div^ing by 144 square inches. By halving this constant we get the 
number for l^th inlet and outlet together. ^ 

t Thus if we divide an opening into four parts, weshall'get only one-half as much alrthrongh 
toe four qpepii^ as we^through t^ single wening; so that to get toe same amo^^ 
division, dufit part must be equal to half toe original ppm^ing. 
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ihe entering air ynth, that of tbe tootn* To lessen the risk of immediate 
doVrOrdmught they should turn upwards, if they are placed aibove the heads 
of the persons. Ettemally the inlets should he partly protected from the 
wind ; otherwise the wind blows through them too rapidly, and, if the current 
be strong, draughts are felt; an oyerhanging shelf Or hood outside will 
answer pretty welL Valves must be provided to jpartially close the oj^nings 
if the wind blows in too strongly, or if the change of air is too rapid in cold 
weather. If covered with wire-gauze, it must be fr^uently 

Sometimes an inlet tube must be carried some distance to an inner room, 
or to the opposite side of a large room which is unprovided with cross-ventpa- 
tion. In this case the heat of the room so warms the tube that the wind 
may be permitted to blow through it. 

The position of the inlets is a matter of some difficulty. If there are 
several, they should be, of course, equally distributed t^ugh the room, so 
as to insure proper uniyiTig of the air. They should not, however, be placed 
too near an outlet, or the fresh air may at once escape ; theoretically, their 
proper place of entrance is at the bottom of the room, but if so, the air must 
in this climate be warmed ; no person can bear the cold air flowing to and 
^hilling the feet The air can be wanned easily in various ways, viz : — 

(a.) The air may pass through boxes containing coils of hot-water pipes, 
or (in factories) of steam pipes. This is the best mode of warming. The 
coils may be close to the outside wall, or in the centre, or in hospitals in boxes 
under the beds, communicating with the exterior hir, and opening into 
the ward. 

(&.) The aji^pay pass into air-chambers behind or round grates and stoves, 
and be there warme^ as in the present barrack and hospital grate, contrived 
by Captain Galtonj^r as in the Meissner or Bdhm stoves of Germany ; * or 
as in the terra cotta stove, in the Hefibert Hospital at Woolwich. (See 
Warming.) 

If the air cannot be warmed, it must not be admitted at the bottom of ^he 
room; it must be let in above, about 9 or 10 feet from the floor, and be 
direct^ towards the ceiling, so that it may pass up<^and then fall and mix 
gradually with the air of the room. The Barrack Commissioners have adopted 
this plan with half the fresh air brought^into a barrack-room. The other 
half is warmed. It answers very well 

In towns or manufacturing districts the air is so loaded with particles of 
coal, or, it may be, other powders, that it must be filtered. Nothi^ answers 
better for thif than muslin or thin porous flannel, or paperhangors’ canvas, 
spread over the opening, which then should be m^e l^ger. covering 

can be moistened if the incoming air be too dry. 

The tubes proposed by Mr Tobin of Leeds provide for the introduction of 
air from the outside at the floor level and then up a vertical tube, about 4 feet in 
height; this gives a vertical direction to the current, which is retained for 
several feet further before it begins to spread and descend. The action of such 
*a tube is, of course, much affected by the direction of the wind, and in some 
instances it is reversed altogether. The method is, however, useful m some 
cases, particularly for introducing air into places which could only be reached 
with cUfficulty by other means. It has been tried on a lai^ scale at St 
Mory^s Hospital, Paddington, with fair success.! In some forms (aS made by 
the Sjonltary En^eering Company), there is an arrangement for washing the air 

fliie G^maDR aupesr to be now making great use of these Tentilatiiig stoves in hospitals, 
even in private houses. For a good account, see Both and L o. p. 248, eeseo. 

? t fiW Dr de Chaumont's Beport ^.eU. f 
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aScid flypftatiTig impnritiM 
Meesis RLilHfav* and of - 4 modificatioii for bedioomia:- 

and other rooms in private hohses is 
also suggested by MrTobin^ viz., to 
cut out slits between the sashes of 
the windows, so that the air enters 
vertically, even when the window is 
shut. Tim is similar in principle 
to other modifications of window 
ventilation already referred to, but 
it is only adapted for comparatively 
small rooms, and is quite inappli- 
cable to a hospital ward yr. the like. 

2. OiUlets.— The plai^ for the 
outlets is a most important con- 
sideration, as it wiU determine in 
great measure the position of the 
inlets. If there are no means of 
heating the air passing through 
them, they should be at the top of 
the room; if there are means of 
heating them, they may be at any 
point. If not artificially warmed, 
the highest outlet tube is usually 
the point of greatest discharge, and 
sometimes the only one. 

(d) Oidlet Tubes without Artifi- 
cial Heat . — They should be placed 
at the highest point of the room ; 
should bo inclosed as far as possi- 
ble* within walls, so as to prevent 

the air being cooled ; ^should be Fig. 16 .— Vertical inlet tube, 

straight and with perfectly smooth 

intenial surfaces, so that friction may be reduced to a minimum. In 
shape they may be round or squ^lre, and they must be covered above with 
some apparatus (the cowl, hexagon ^be, &c.), which may aid the aspirating 
power of the wind, and prevent the passage of rain into the shaft. The louvred 
openings are not the best. . ^ 

The causes of down-draught and down-gusts in outlet tubes are these, the ' 
wind forces down the air ; rain gets in, and, by evaporation, so cools the air , 
that it becomes heavier than the air in the room ; or tiie air becomes too much 
cooled by passage through an exposed tube, so that it cemnot overcome the. 
weight of the superincumbent atmosphere ; or another outlet shaft, with grater: 
discharge, reverses the current. . 

Arraj^ments should be made to distribute the down-draught^ if it occurs ;. 
flanges placed at some little distance below, so as to throw the air upwa^ 
a^inbeforeitmixes with the ab of the room, or simple contrivances of asimilar 
kind, may be used. Valves should be also fixed to lessen the area of the out- 
let when necessary. If there are several outlet tubes in a room, all should 
commence at the same distsmce bom the floor, be of the same height (or the 
discharge will be unequal), and have the same exposure to sun and wind. 

Simple ridge openings may be used in one-storied buildings with slanting 
loofs ; they ventilate most thoroughly, but sno^ sometunes drifts in. l^iu . 
uiay be prevmited entering by carrying down the^ sidics of the oyerhanging 




4t,%»gsi,plwfA«W« 

thioipr liiiV down<4iaukU 

(i) ChOtdB 

cccetfliUL and coxuatant. i£ the aii oasx be warmed* Therojbiimey witib^open fire ia 
an excdlent outlbtr^Hso good that in dwdlingJionflesi^ there are proper inlets^ 
no other outlet need be made. When roome are large, , and more wwdedj 
othei* outlets are nepessa^ the heat of the fire; may be farther utilised by 
shafie round the chimney, opening at the topnf,theriOQm,.or,.m- ot^ 
by surrounding the smoke-flue with foul-air shafts^. 

Gri|% if used, should in all cases be made to warm an: outlet tube^ both to 
carry off the products of combustion, and to utilise its heat The best arrange- 
ment appears to be to place over the gas-jet a pipe, to carry off the products of 
combiii^on, and to case the pipe itself with a tube, opening of which ia, 
at the ceiling ; the tube carrying off the gas products is hot enough to cause a 
yeiy considerable draught in its casing, and thus two outlet currents are in 
action, one over the gas, and one from the ceiling round the gas-tube. A 
modification of the Imnp proposed in 1846 by Mr Butter answers very well, 
and is now coming into use, as arranged by Mr Bicketts. 

In various other ways the heat of fire and lights may be taken advantage of. 

There will be seldom any difficulty in arranging the inlets and outlets, and 
in obtaining a satisfactory result, if these principles are bom in mind, viz., to 
have the ft^h air pure, to distribute it properly, and to adopt every means of 
securing Ibe outlets from cold or of artificially warming ihem, and of distributr 
ing the air, which, in spite of all precautions, will occasionally pass down them. 

In hot clfinat^ when outlet shafts are run up above the general level of 
the buildiug, it would he of advantage to make them of brick work, and to 
colour them black, so that they may absorb and retain heat* ^ 

6. FLAKS OF TUBES AKD SHAFTS WHICH HAVE BEEN FBOPOBEB. 

In most of the plans which have been proposed, the inventors have not difik 
tinctly seen that the influence of the winds and of the movement of air pife- 
duced by unequal temperatxires must be carefully distinguished, and, as far as 
can be done, provided for. 

1. Opming ,9 . at Qia.ee to the Outer Air /or Irdets^ the Chimney hemg relied on 
far the Outlets or Special Tubes fixed in*^Berforated-orair bricks are let into 
the walls.. A usual size is 9 x 3 inches, and the united area of all the several 
opening in one brick is about 11^ square inches. Another common size is 
10x6 inches, with an open area of about 24 square inches. The wind blows 
freely through them, and draughts are product 

The Sheringham valve is a gr^t improvement on this; the air passes 
throng^ a. perforated brick, or iron, plate, and is then directed. upwmidB by a 

valved opening^, which can.be doseih, S. necessary, 
by a balanced weight (fig. 17). The size of; the in- 
tonal opening is, in the usual-sused-valvei 9 inches 
by 3, and the area is 27 inches. These valves are 
usually placed towards the upper part of the room, 
^e wind blows through them,,and the movement 
is th^fore variable. They are often outiets; it 
^ Vfill, in V depend iqpon circumstances^^^ 

they are inleta or outleto Vegf^ little draught ia> 
howevf^ ea^ased by thonvu^desa with, a.high TOnd on the whoK.they. are. 
the \0 inlets of this kind. ^ 

^^ gpe^iroh firame olthe size .of a«hii^, covered with perforated; zinc, . and^. 

tho w is 
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weUdisfcrifantod; ThrgaimjAdnldib^^ 

don uses a roimd pJUite working on a flcreWi which ^ 

canbebroughttniesiieFiirfiapC^^ 

ing'opemng iii:thewa]lj:t^^ flHH 

the plate, and then spreads circularly over the wall, . 1 ^ i 

and is: then diswn gendy into the Some.' u \ l 

ingOhiousforiw of inlfit amd outlet^ r I 

introduced by Mr Bidiaxd^W • » 

2. Tubesf of Differint ah^^ tdibotf i ^ 

has been sometimes used for inlet and outlet^ at ' 
double current being established^ This iie^ how* ^ ^ 

ev«^, rude plan, as: there are no means of db- ■> 

txibuting the air, and as i^ intermingling of the^ "|f ^ 

current and the friction of the meeting air is^' r \ 

sometimes so great as to impede, or even for a * 

time stop, the movement^ To avoid these incon- 

veniences, Watson proposed to place a partitlbn in the tube (fig. 18), and 

Muir suggested the use of a double, potion running from comer to comer, 

so as to make four tubee He covered' hiS; 

divided' tube with a louvre, so as to make 

use in some degree of the aspiratory power of ^ t 

the wind on one side 

In these tubes, accidental circumstances^. f 

such as the sun's rays on one side^ the wind,- » 

the fire in the room, &e, vrill determine 
whigh is outlet and which is inlet. They are 
so better than the single tube, that the par- i 

tition divid<^ the currents and prev&ts Mc^ 
tion, but there is the same irregular action and ^ 4 

chafing of currents from accidental circum-. ^ I ^ 

stances, so that the direction of the currents ^ 1 / • V ^ H 

and their rate are variabki. The distribution ^ ^ H 

of the entering air is also not good. 

Much better than these plans is M ‘Kiimell's 
circular tuba It consists of two cylinders, ona Fia 19 **** 

encircling the others the area of the inner tube 

and encircling ring beingequaL The inner one is the outlet tube ; it is so be- 
cause the casing of the other tube maintains the ^ 
temperature of the air in it ; and it ia also alwag^ A 
made rather^ higher than the ' other ; above it. is^ [I 
protected: by a hood^ butif it>bad a cowl tuming 
away from the wind it would be better. The gBI 
outw cylinder or ring is the inlet tube ; the air is KM: mji 

taken at a Ibw^ level than the top of the outlet^ Mi 

tube; when it enters the room, it is thrown up- 
towards: tha ceilings and then ito the walls by 
flange placed on the bottom, of the inner tulto ; Mv ^ 
the air then passes from the walls along the floor f \ 

towards' the centre of the roomi'aiid upwards ta ^ J 

the outlet, shaft fgigi> 19. and: 20i;) jfeth tubes- 
can W.clb6ed.by vmvea If there-is a Jfire:in.'.the . 
zoom, boih ttthM nmy become i^ 1%. 2<t 


Fig. 19. 
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this.tbe Qiiitlet tube should be closed; if doors and windotIrB dr® open, both 
tul^ become outleta 

The movement of air by thia plan is imperceptible, or almost so ; it is an 
admirable mode for square or round rooms, or small churches; for very long 
rooms it is less.adapt^ 

The tube is made of all sizes, from 6 inches in diameter, which is adapted 
for a sitting-room, up to 7 or 8 feet, which is the size used in some churches. 
The two tubes, after passing out of the room, may be taken in different 
directions, ci^ beijng taken that the inner tube is always the longest, and, if 
possible, with the fewest curves. 

If the two tub^ can be kept together for some distance, an advantage 
would perhaps be gained, as the hot /air would transmit a portion of its heat 
to the air in the outer tube, which would enter the r%om at a higher tempera- 
ture than would otherwise be the case; some loss of movement would result, 
but this would be trifling. 

Dr J. D: Macdonald RK, F.RS., has proposed an ingenious form of 
ventilator, something on M‘Kinnell's principle, 
but with a modification of arrangement, intended 
to facilitate the movement of air. The tube may 
be divided, either by having one tube within 
another (as in M‘Kinnell*s) or by a septum, as 
shown in fig. 21. A fan in the upper of the 
tube determines the course of the current always in 
the same direction, and this fan is driven by the 
action of the wind upon another motile fan on 
the top of the tube, which may be left free,^ or 
covered with a self-adjusting cover, as in the figure. 
One advanta^ of this arrangement is that no 
reflux current is possible, and no rain can get down 
the tube. 

Dr Amott's chimney ventilator is a valved open- 
ing at the top of the room,cleadmg at once into the 
chimney, and, like Dr Chowne’s siphon, has the 
great advantage of drawing the air from the top 
of the room; it* has been, and is, much used, but 
has the inconvenience of occasionally allowing the 
reflux of smoko. 

Mr Boyle has altered this chimney ventilator 
by hanging small talc plates at a certain angle ; 
falling by their own weight, they close the open- 
ing and prevent reflux, but a very slight pressure 

from without opens them. 

Of these various plans, M‘Rinnell's or Macdonald’s should be chosen, if the 
air must be admitt^ at the top of the room ; and’ they are well adapted for 

of air block each other. Althoiuh the tube is of good size, a candle placed in a bell gloss, into 
the top of which the tube is fixed, soon goes out ; a partition being then inserted into the tube, 
the currents are at once divided— one passes up, one down, the sides of the tube, and the candle 
burns again. 

* 1 Motile fan. 2. Aspiratory fan. $. Self-adjusting cap, a closed quarter of ditto, & 
trsniyerie vane. 4. Spinole or axis, 5. Socket for lever point (upper socket not shown). 
6, Iron Mme work canning upper socket^ &o. 7. Conical band forming the upper outlet 
round the circular plate beaiuig the fans. 8. The main shaft. 9. Circular hood protecting 
10. /Die aperture of ingress. 11. Middle longitudinal septum dividing the main shaft into . 

equal parts. 12. Central ingress tube. i3. Expansion of do. 14. Grating to regulate 

JldeiiDg air. 15. Lower apertuTe-uf Jogresii {circumferential). 16. Uppe^ putlet tubei 
fjHT Upper aperture of 






SYSTEM OP VENTILATlDiSr A1)0^^ IN THE ABMY. 

guard-rooms, cells, and of sniBill dimensioiis, when it is desired to 
have the ventilating apparatus out of reach. Watson’s divided tube caoi also 
be used, but is less tiseful than the others. 

System of VetUilatian Adopted m the Amiy. 

On Home Service , — ^The official plan now in use was arranged about 18 
years ago by the Barrack Improvement Commission ; it is applied in most of 
the new barracks, and in several old ones. It has answered extremely wel^ 
and it is much to be desired that it should be carried out everywhere. It is 
based on the plan of natural ventilation, and consists of — 

1. An outlet shaft, or more if required, proceeding from the highest point 
of the room j the exact position in the room varies ; it is sometimes at the 
comer, or at one side, accSrcling to circumstances. This shaft is carried straight 
up inside the wall, and about 4 tq 6 feet above the roof, and is covered with 
a louvra It is made of wood, is very smooth inside, and is provided with a 
flap for partly closiug it below. Its size is regulated by that of the room and 
; by -the number of inmates, but it is not made larger than 1 sqtiare foot j if 
more outlet is required, another shaft is put up. The relation between its 
size and that of the room varies with the position of the room. In a three- 
storied barrack the rule is as follows : — 

1. On the ground floor, 1 square inch of section area of outlet shaft for 

every 60 cubic feet of room space, or for each man 10 square inchei^of 
ar^ 

2. On the first floor, 1 square mch for every 65 cubic feet of room space, 

or for each man 10'9 (say 11) square inches. 

S. On the second floor, 1 square inch for every 60 cubic feet of room space, 
or for each man 12 square Mches. 

In a one-storied barrack the amount should be the same as the second floor, 
or„in other words, 12 men would have a shaft of 1 square foot. In addition, 
there is the chimney, which, with Galton’s stove, gives a section area per head 
of about 6 square inches. The total outlet area per man is therefore 16 to 18 
inches, accor^g to circumstances. 

2. IrUete, — ^The amount of inlet is a trifle more than 1 square inch to every 
60 cubic feet of room. 

Half the inlet air is warmed in all the new barracks and many old barracks 
by being taken through air-chambers behind the fire (area of tube » 6 square 
inches per head), and the other half comes 
direct from the outer air into the rooms 
through Sheringham valves. Area of outer 
opening 6 square inches, making altogether 
11 square inches of inlet opening per man. 

The cold air inlets (Sheringham valves) 
are placed at the sides near the ceiling, about 
9 feet from the floor, and are not opposite 
each other. Ilg. 22 shows a usual arrange- 
ment. The outlet space is thus seen to be 
rather larger than the inlet, but as the doors 
and windows seldom fit close, it is probable 
that practically this is of Uttle consequence. 

The movement of air through these open- 
ings is tolerably regular — as regular as it 
ever can. be in natural ventilatioiL The 
chimney and outlet shaft averages about 12QQ cubic ..feet per ho)^ per hour, 
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feom^TOO to IfidOaor lBD6|raocoxdingfto iihejB&oiuit of tlie 
lEaniitli of :dL6 xocmi, andiii^ .movemexiif of tiie extenud air. The oaaalii 
cmrent through the outlet shafts at nighty is froxOtS to 6 Ifeet |ier aeeoxid. 
Bometimes the chiumey and outlet a little counteract each other ; a strong 
chinmey draught may i^p the current in the outlet shafts but there is seldom 
umy down-draught unless rain beats into the louvre and tiickleB down the in- 
side of the shaft The ventilation of barracks has been wonderfully improved 
by .this plai]^ and the average carbonic acid ranges from *7 to 1 per 1000 
volumes^ according to the rapidity of movement of the air. 

The hospital system is precisely the same, except that the dimensio ns are 
oieasly 'doubled. 

Mediterranean Stations^ThB same system is directed to be juried out 
whenever practicable at Malta and .Gibraltar, only 'tiie size of the inlets and 
outlets are trebled ; for example, there is 1 square inch of outlet for every 20 
ottbic feet of space instead of 60 as at home ; great care is ordered to be t^en 
to, remove fdl outside obstacles to the movement of the wind. 

The Trqj^llee and India , — ^The same system in principle is now directed to 
be used in India. 

SECTION m. 

ARTIFICIAL VENTILATION. 

Ai^ificial ventilation is accomplished in two ways ; either the air is drawn 
out of a building or room (the method by extraction), or it is driven in, so as 
to force out the air already in the room (the method by propulsion). ^ 

Sub-Sbotion 1. — ^VbntiiAioit bx Exteaption. 

This is produced by the application of hea^ so as to cause an upward current, 
or by the Steam jet^ or by a fan or screw, which draws out the air. * 

1. Extraction hy Heai . — The common chimney is a well known example 
this. There is a constant current up the chinmey, ^hen the fire is burning, 
in proportion to the size of the fire and of the chiimiey. The usual current 
up a common sitting-room chimney, with a fair fire, is, as measured by an 
anemometer, from 3 to 6 feet per second. A very large fire will bring it up 
to 8 or 9 feet. The movement caused by a kitchen or furnace fire is, of 
^urse, greater than this; If the area of the section where the anemometer 
is placed be known, the discharge can be stated in cubic feet. 

When the air enters equably, and is well distributed, the movement of air 
is from the inlets gently towards the fire-place; there is also said to be a 
movement, from above tiie fire-place, along the ceiling and down the walls, 
and then along the floor to the chimnej. (Reid and IStewart^ quoted by the 
Bajiack: (>)mnus8ioners,) 

In the wards of Fort Pitt the current^ wifli a good fire, is about 3J to 4J 
feet per second ; and as flie section airea of the throat is square foot, the 
average, discharge is about 7200 cubic feet per hour. In ihe barracks of 
Chatham, Dr Fyflfe found the discharge by the chimney to be 2080 cubic feet 

K iour (average of six observations). In the barracks at Gravesend, Messrs 
lett, Stanley, and Reid found the discharge to be 6120 cubic feet per 
hour (average of twenty observations). At .Chel^ New Barracks, with a 
fire alight but low, the velocity was 14*6 per second, or 21,038 cubic feet per 
and, with the fire out, .11^9 per second, or 17,t)88 per hour. * In the 

• Dr F. de (^meiitSs vd. lx. 
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esEpeiimentfir €l4he^B^ sft&ged^m 

6300 to 16,000 cubic^t hold', this DUdaii^f twenl^ beii% 

^904 oubio fd^ Even ib si^bdim^, mthc^ iheite gen^^y a good 

np-cuirdnt. t It may be then iooneluded that^ With an drdinaiy Are^'a cfabi^ey 
gives a discharge snffioient for ioUr dr five {Arsons. -If, thed, JtifffQ than this 
number of persons habitually^livs in the reKnn, another oiklet be provided. 

As the current up the Ghunn^ is so great vrhen the fire & lighted, all oth^ 
openings in a room, if not too many, b^me inlets'; efcnd, in this way, down* 
dmnghts of air may nocur from tub^ intended as dutletB. There is no remedy 
for this ; and if too much enters, the outlets must be moom^Or less ^closed. 

If the room be without openings, so that no air can reach the fire, air is 
drawn down the chimney, and a double current is established, by whidh Ihe 
fire is fed. The doWh-nurrent noming in pu& is dne eause of *Bmoky 
chimneys, and may be at once cured 1^ making an inlet. 

The chimney and fire is a type of a nunil^r df dthSr similar modes of 
ventilation by extraction. 

The ventilation of mines is carried on by lighting d ^firS at A bottmn of a 
shaft (the upcast or return shaft), or half a sh^ if there be only one. The 
air is drawn down the other or downcast or int^e shafl^ or half the shafts 
and is then made to traverse the gidleries of the mine, being directed this way 
or that by partitions. Double doors are used, so that there is ^o book or side 
rush of the air. The current passes through the upcastdhaft at the rate of 
from 8 to 10 feet per second ; it flows through the main galleries at the rate 
of from 4 to 6 feet per second, or even more, and from 1000 to 2000 cubic 
feet per head per hour are supplied in good mines. In fire-djEonp mihes mtich 
more than this is given, even as much *88 6000 cubic feet per man per hour. 

Proceedings of Civil Engineeri^’ VoL irii. p. 308). If the quantity of air 
be reduced too few there is a serious diminution im the amoimt of work per- 
formed by the men. A horse is said to require 2466 cubie feet^ and a light 
fiO cubic feet per hour. It may easily be conceived how Skilfully the air 
must be direct^, so as to traverse the most remote workings ; in some mines 
a portion of air makes’ a circuit of from 30 to 40 miles before it can arrive at 
•the upcast-shaft. The Size of the shafts in a colliery varies froiu 8 to 11 or 
12 feet in diameter; the section^ area of a shaft of the former size would be 
50 square feet. A current cf 8 feet per second in the upcast-shaft would give 
a discharge of 1,440,000 Subic fcet per hour, which would give 720 meki 
2000 cubic feet per hour. 

The sectional area a^d h^ghtef tlie extracting Shaft, cmd Of the tubes 
running into it, have been fixed by P4clet; the principle is to give to the 
shaft the greatest height which can be allowed, and the largest section which 
can be given, | without permitting the temperature of the contamed air to fall 
so low os to be unable to overcome the distance of the atmosph^ at ihS 
top of the shafts the action ^f the Vdnds.§ 


* Report, 18SL p. 7S. 

i* In Ansnst loA I fOTtlkl M FSrt mitcAi me velocity to Se 6n oecasioa 7*5 pSr isoofiid 
and at Gosport New Barracks, 8 * 4 , Tbe Velocity genenUly ranges from I 4 ^ ^ f^ 
second, altnougii it is often more. (F, de C.) 
t De la Ohmeur, 8d 1881, t. iu. p. iteq, 

71ie amonnt of me resfstancegiVen to &e movement of air tiiioagh the tubes leading to 
m abaft and in the shaft itself, can be odcnlated ftom the formula ^ven hy l^dclet at p. 47 
(t. iii.V blit Which it is ntinecessaiy to Ihtiodace here. 'Gcnei^ Morin's ooseiVationi, show 
that the dUferehoe in'ihe volumes of air passing through small openly is in the ratio of the 
square root of me area. The increased velocity thioagh the smdler openings does not com- 
pensate for mis great loss. The shape of me tubes ought also to be oomrfdez^me least resist^ 
snoe being given by a circular aperture. For a ti^ of ftidikm dne tb of aeOtidnal 
area, see Hygiene *’ in Brmitorv itsoon^ 1875, by DvF< 4e€bataiioali, 
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. In laige buildings tlie same plan is often used; a oMi^ey {ch&minie 
dHa^^l of the J^nob) is heated by a fire at the bottom, and into the bottom 
of this shafts close to the fire, run a number of tubes coming from the 
different rooms. Several French and English hospitals, and many other 
buildings, are ventilated in this way. Dr ^id for some years ventUat^ the 
Houses of Parliament in the same manner, and so powerful was up- 
draught, that he could change the entire air in the building in a few minutes. 

In dwelling-houses it has been proposed to have a central chimney, into 
which the chimneys of all the fires shall open, and to surround this with air- 
shafts connected with the toi)s of the rooms. It is supposed that, if other 
inlets exist, there will be a current both up the chimney and up the shaft 
running beside it. 

In sll these cases it requires that the workmanship^shfiJl be very exact, so 
that air shall not reach the extracting shaft except through the tubes. 

It is now about a hundred and twenty years ago since Dr Mead brought 
before the Royal Society Mr Sutton’s plan of ventilating ships on the sanie 
principle. Tubes running from the hold and various cabins joined together 
into one or two large tubes which opened into the ashpit beneath the cooking 
fires. If the doors of the ashpits were kept closed, the fires drew the air 
rapidly from all parts of the ship. Unfortunately, this plan never came into 
general use. The same plan was adopted by Dr Mapleton for the ventilation 
of the hospital ships employed in the last (1860) China War. The arrange- 
ment requires some watching to prevent careless cooks from allowing air to 
reach the fires in other ways. 

On the same principle some men-of-war are now being ventilated.* The 
funnel and upper part of the boiler, and, as far as possible, aU the steam 
apparatus, are inclosed in an iron casing, so that a space is left of some 3 or 
A feet between the casing and the funnel When the fires are lighted, there 
is of course a strong current up this space, and to supply this the air is drawn 
down through all the hatchways towajds the furnace doors. The temperatuaro 
of the stoke-hole is reduced from 130” or 140® Fahr., to 60® and 70” ; and the 
draught to the fires is so much more perfect, that more steam is obtained from 
the same amount of fuel This plan, devised by Mr Baker, has been 
ingeniously applied by Admiral Fanshawe, late superintendent at Chatham 
dock-yard, to the ventilation of every part of the ship where there are no 
water-tight compartments. Edmond’s plan combines with this the ventilation 
not only of the hold, but of the timbers of the ship. 

Sometimes, instep of a fire at the bottom of the chimney, it is placed at 
the top ; but this is a mistake, as there is a great loss of heat from the imme- 
diate escape of the heated air ; the proper plan is to heat, as much as possible, 
the whole column of air in the chi^ey, which can only be done by placing 
the fire below. 

Frequently, instead of, or in addition to a fire, heat is obtained in the shaft 
by means of hot water or steam pipea This plan has long been in use in 
!E^gland,t and has since been intooduced into France, and improved by M. 
L^n Duvoir. Warming, as well as ventilation, is accomplished by this 
method, which is in action at the Hospitals Laribond^ (in one-half) and 
Beavgon* It appears to be at once effectual and economical, though it has 
been sh^ly criticised by Grassi and P4clet. After a very long investigation 
into the^erits of all rival plans, it was adopted by a French Commission for 

. * in the new ironclads it is found necessary to use large fans driven by special engines 
to eiitotitioroiigh obanm of air below. 

r: t It Jain nseln the Urouit Court-House in Glasgow, and In the Police Buildings at Edin- 
bni;^ (Bitohie), and in niany other buildings. 
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{he ‘wimning and ventilatioii of {he Palais de Justice at Palis, and has since 
been adopted in other public buildings, chiefly from the advocacy of General 
Morin.^ The plan at the Hospital I^boisi^re is simply this : an extracting 
shaft contains in the lower part a boiler, from which two spiral het-water 
tubes run up to the requisite height in the shaft, and then, leaving it, pass 
downwards and enter the wards, in which* * * § they are coiled so as to form hot- 
water stoves, and then leaving the wards, they pass down and re-enter the 
boiler. There is a continual circulation of hot water, and in the shaft there 
is necessarily an upward current of air. But as the air is continually increas-. 
ing in temperature towards the point of discharge, there is a loss of power, just 
as in the case of the fire being placed at the top instead of the bottom of the 
shaft. From the bottom of the wards air-conduits or tubes run mto the ex- 
tracting shaft, and thus tlfis vitiated air is drawn out of the wards. The fresh 
air is admitt^ directly from the outside into the wards, and is warmed by 
being admitted through the coils of the hot-water tubea In the summer the 
water is shut off from the water-stoves, but the temperature of the extracting 
shaft is stUl maintained. 

It is certainly true that the ventilation by this plan is irregular ; f and also, 
that in the Hospital Lariboisi^re, a much greater quantity of air passes through 
the extracting shaft than enters through the hot-water stoves. 

In the summer, when there is ventilation without warming, the outflow of 
air from the wards varied from 84*4 cubic metres (2980 cubic feet) to 55?3 
cubic metres (1962 cubic feet) per head per hour.J 

In the winter, when there are both ventilation and warming, the outflow of 
air from the wards was 82 *2 cubic metres or 2902 cubic feet, per head per hour. 
Of that amount, only 35 cubic metres (1236 cubic feet) entered by the water- 
stoves, the rest came in by doors anc^windows and other openings — an objec- 
tionable point, as the air might press in from the closets. Yet, in spite of 
this, the temperature was maintained pretty well up to the limit fixed in the 
agreement, viz., 16° cent, or 69° Fahr. 

Oil has been used in some cases instead of water. 

Very frequently, instefid of a fire or hot-water vessels, lighted gas is used to 
cause a current, and if the gas can be applied to other uses, such as lighting, 
cooking, or boiling water, the plan js an economical one. 

In theatres the chandeliers have long been made use of for this purpose. 
M. D’Arcet proposed this for several of the old theatres in Paris, and the Com- 
mission § appointed to determine the mode of ventilation to be adopted in the 
Theatres Lyrique et du Cirque Imperial, have determined, after much considera- 
tion, that this plan is the best adapted for theatres. The details have, however, 
been somewhat modified from those devised by D’Arcet, and are too long to 
be here inserted, but they seem admirably adapted to distribute the entering 
air thoroughly, and to insure its discharge. The entering air is warmed by 
calorifdres below the pit, and is then carried by flues to tl^ front of the stage, 
and to the front of each tier of boxes, where they open at the floor. The out- 
going air is drawn away by flues running from each box, and ending m a large 
cental shaft surrounding the tube which carries off the products of the com- 
bustion of the central clmndelier. But every gas-jet in the house, as well as 
the spare heat of the furnace, is made to contribute its share of movement 

* Two excellent reports have been made by ibis Commission, of which General Morin is re- 
porter. ^eir tides are riven farther on. Mach information is also given in General Morin’s 
work on ventilation, Etudes snr la Ventilation, Paris, 1863, 2 vols. 

t P6clet— TraiW de la Chalenr, 1861, t iU. p.267. 

t O^naaijfop. eit. pp. 36-37. 

§ Bapport de la Commission snr le Chanffoge et la Ventilation dn Thdatre Lyrique et ua 
Theatre du Cirque Imp^iaL Bapporieur le Q&eval Morin. Paris, 1861. 
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<SQiid ftniDtizit wMoli can 1>6 -supplied in winter is 36 cubie metlres ( «■ 1069 cubic 
^166^) ^61 head per hour. The burning of 20 cubic nitres (706^2 cubic feet) 
«of gas in one hour at the Opera Comique caused the disohacge^of 80,000 cubic 
^metres of air (2,826,280 cubic feet). The temperature of the air was 9** cent. 
<oi 16^ Fahr. above the external air. At the Vaudeville^ 10 cubic metres (353 
•cubic feetlof gas was consumed per hour, and 15,623 cubic metres (648,210 
cubic feet) passed through the chimney, so that 1 cubic foot of gas perfectly 
consumed caused the discharge of 1663 cubic feet of air. General Mori^ 
from numerous experiments, found that 1 cubic metre of gas caused the dis- 
charge of 1000 cuUc metres of ait, or 1 cubic foot would cause the discharge 
iof 1000 cubic feet of air.* 

The advantage of extraction by heat, especially in the ease of theatres and 
buildings where gas can be brought into play, are dbvious. 

There axe some objections to extractions by the fire and hot-air shaft 

(1.) The inequality of the draught It is almost impossible to keep the 
fire at a constant height The same quantity of combustible material should 
be consumed in the same time every day, and the heat should be kept in by 
large masses of masonry. StiU, with these precautions, the atmospheric 
influences, and changes in the quality of the combustibles, cannot be 
avoided. 

(2.) The inequality of the movement from different rooms. From rooms 
.'nearest the sludt, and with the straightest connecting tubes, there may be a 
strong current, while from distant rooms the friction in the conduits is so great 
that little air may pass. The greatest care is therefore necessary in calculat- 
ing the resistance, and in apportioning the area^of the tubes to the resistance. 
Tl^ plan is, indeed, best adapted for the compact buildings. Occasionally, 
if the friction be great, from too small i^ze, or the angular arrangement of the 
conduits leading to the hot-shaft, there may be no movement at all in the 
conduits, but a down-current to feed the fire is established in the shaft 
itself — a state of things which was discovered by Dr Sanderson to exist in 
the ventilation of St Mary’s Hospital in London. 

(3.) The possibility of reflux of smoke, and perhflps of air, from the shaft 
to the rooms, is ano&er objection of some weight. 

(4.) The impossibility of properly coig, trolling the places where fresh air 
enters. It will flow in from all sides, and possibly from places where it is 
impure, as from closets, &c. ; air is so mobile that with every care it is 
di^ult to bring it under complete control — it will always press in and out at 
the point of lea^ resistance. 

2. Mctraction by the Bteanijeh — ^The moving agent here is the force of the 
ateam-jet, which is allowed to pass into a chimney. The cone of steam sets 
in motion a body of air equal to 217 times its own bulk. Tubes passing from 
idifferent rooms enter the chimney below the steam-jet, and the air is extracted 
from them by the strong upward current Tl^ plan is best adapted for 
factories with spare steiMu- It was employed for some tune in the ventUation 
of the House of Lends, but was finally ab^doned. 

& JExtreustion by a Fan or Screw , — An extracting fan or Arcldmedean 
screw has been us^ to draw out the air. Several different kinds have been 
pre^oaed by Mescs^s Combes^ Letoret^ Glepin, and Lloyd, and have been used 
m coal mines in Belgium, and in some of the English mines. At the Abeicam 
minc^ in South Wales, a fan is used of 13^ feet diameter ; the vanei^ eight in 
num^r, are 3} feet wide by 3 feet long; at 60 re volutions per minute the 
Telocity of the air is 782 linear feet per minute, ^d 46,060 cubic feet are 

♦ l»udei Boris Vent t ii. p. 720. 
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extracted:; tiie Teloeitj -at 'the Kdrcmofereziice 'dl tiie &n is 264S ^leet per 
minute ; the theoretical consumption of coal per hour is 17*4 S».* 

Mr V a fan for this purpose, in his sji^m of 

Tentilation of buildings, but he has found it bettw to abandon it^ and sub- 
stitute a propelling fan. It was proposed by Mir Higgins to put in a chimney 
an Archimedean screw to be by Ihe wind, and in this way it was 

thought a constant upward current would be caused. But the plan has little 
power, and is not now employed. 

To both these methods of extraction some of the objections already noted 
apply, but extraction by the fan is, of course, more uniform. 

SuB-SaonoN JX — ^Ventilation by Propulsion. 

This plan was piopoi^ by Desaguliers, in 1734, f when he invented a fan 
or wheel inclosed in a box. The air pas^ in at the centre of the fan, and 
was thrown by the revplving vanes into a conduit leading from the box. In 
some form or other this fan has been used ever since, and the conduits leading 
from it are now generally made large, so that the fan may move slowly, and 
deliver a large quantity of air at a low velocity. The fan, if small, is worked 
by hand ; il lai^r, by horse, water, or s^m power. 

The fans are often made with six or eight rays, each carrying vanes at the 
end, which should be as close as possible to the enveloping box. In size, 
the length of the vanes should be more than half the length of the rays ; Ihe 
number of rays should augment with the diameter of the orihce of acceas4 
(P4clet, p. 259.) 

The amount of air delivered can be told by timing the speed of revolution 
of^bhe extremities of the fan per second, or per minute ; the effective velocity 
is equal to f ths of this, and this isftho rate of movement of the air. If the 
section area of the conduit be known, the number of cubic feet dischaiged 
per second, minute, or hour can be at once calculated. 

flle power of this plan is very considerable. With a fen of 10 feet 
diameter, revolving sixty times per minute, the effective velocity is 1414 feet 
per minute. The rate bf movement in the main channel should not be more 
than 4 feet per second ; the conduits must gradually enlarge in calibre ; and 
the movement, when the air is delivered into the rooms, should not be more 
than 14 feet per second. 

At me Hospital Lariboisi^re in Paris, it is stated that 150 cubic meftres 
( ~ 4296 cubic feet) have been delivered per head per hour, in the wards 
ventilated by the propelling fan of MM. Thomas et Laurens. It must^ how- 
ever, he rememherei^ that the later observations of General Morin have 
shown that much of the movement ascribed to the fan was really owing to 
natural ventilation. 

This plan is very well adapted for those cases in which a large amount of 
air has to be suddenly supplied, as in crowded music halls and assembly 
rooms. St George’s Hall at Liverpool is ventilated in this way. The air is 
taken from the basement ; is washed by being drawn through a thin fUm of 
water thrown up by a fountain.; is passed into caloriferes (in the winter), 
where it can he moistened by a steam-jet, if the difference of the dry and wet 
bulb be more than four or six degrees, and is then propelled along the 

* Tire’s IXietionary, 1860 : art. Veutflation, vol. Bi. p. 961. 

t Course Experimental Philosophy, vol. ii p. 6o4. The wheel was shown te the Royal 
Society in 1784. 

:{: P4olet, Be la Chaleur, 8d editiom 1868, t. i -pp. 269, 268. Kumerons kinds of iSans te 
propulsion and eartiaction are figured, and detailed ac co u n ts of construction and rfaiKNiiit 'Of 
work are given. 
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i»AT> x'hA «nppltA<!iti ipyiTiterifl.30 onbie metres («■ 1059 cubic 
^^eet):p6r bead per hour. The bumiiig of 20 cubic metres (706*2 cubic feet) 
<:Of gas in 0226 hour at the Opera Comique caused the dischaige’of 00,000 cubic 
jmetares of air (2,825,280 cubic feet). The temperatiwe of the air was 9® cent 
iOr l6^ Fidir. above the external air. At the Vaudeville, 10 cubic metres (353 
*cubio feet)of gas was consumed per hour, and 15,523 cubic metres (548,210 
<cubic feet) passed through the chimney, so that 1 cubic foot of gas perfectiy 
consumed caused the d^harge of 1563 cubic feet of air. General Morin, 
from numerous expenments, found that 1 cubic metre of gas caused the dis- 
charge of 1000 cumc metres of air^ or 1 cubic foot would cause the dischaage 
<of 1000 cubic feet of air.* 

The advantage of extraction by heat, especially in the ease of theatres and 
buildings where gas can be brought into play, are dbvious. 

. There are some objections to extractions by the fire and hot-air shaft 

'(1.) The inequality of the draught It is almost impossible to keep the 
fire at a constant height The same quantity of combustible material should 
be consumed in the same time every day, and the heat should be kept in by 
large masses of masonry. Still, with these precautions, the atmospheric 
infiuences^ and changes in the quality of the combustibles, cannot be 
avoided. 

(2.) The inequality of the movement from different rooma From rooms 
near^. the sludt, and with the straightest connecting tubes, there may be a 
strong current, while from distant rooms the friction in the conduits is so great 
that fittle air may pass. The greatest care is therefore necessary in calculat- 
ing the resistance, and in apportioning the aiea^of the tubes to the resistance. 
This plan is, indeed, best adapted for the compact buildings. Occasionally, 
if the friction be great, from too small or the angular arrangement of the 
conduits leading to the hoinshaft, there may be no movement at all in the 
•conduits, but a down-current to feed the fire is established in the shaft 
itself — a state of things which was discovered by Dr Sanderson to exist in 
the ventilation of St lory’s Hospital in London. 

(3.) The possibility of reflux of smoke, and perhAps of air, from the shaft 
to the rooms, is ano&er objection of some weight 

(4.) The impossibility of properly coig trolling the places where fresh air 
enters. It will flow in from all sides, and possibly from places where it is 
impure, as from closets, &c. ; air is so mobile tlmt with every care it is 
diBBicult to bring it under complete control~it wiU always press in and out at 
the point <d least resistance. 

2. Extraction by the -The moving agent here is the force of the 

eteam-jet, which is allowed to pass into a chmmey. The cone of steam sets 
in motion a body of air equal to 217 times its own bulk. Tubes passing from 
diffident rooms enter the chimney below the steam-jet, and the air is extracted 
ism. them by the strong upward current This plan is best adapted for 
iaotories with spare steam. It was employed for some time in the ventilation 
of the Mouse of Lords, but was finally abrndoned. 

3. Extraotien by a Fan or Screw . — An extracting fan or ArcMmedean 
ecrew has been tis^ to draw out the air. Several different kinds have been 
proposed by Messrs Combes^ Letoret^ Olepia, and Uoyd, and have been used 
in coal mines in Belgium, and in some of the English mines. At the Abercam 
mine, in Sotfth Wales, a fan is used of 13j^ feet diameter; the vane^ eight in 
huml^r, are 3} feet wide by 3 feet long; at 60 revolutions per minute the 
velocity of the air is 782 linear feet p^ minute, and 46,000 oubic feet are 

* Stodes sor la Vent, t. U. p. 720. 
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extradted:; vekdiy at ihe ^dircumfezeiu^ dt die Ian is 3645 jEset per 
minute ; the theoretical consumption of coal per hour is 17*4 Ib.^ 

Mr ¥an Hedce fonuefly us^ a &n for this purpose, in his system of 
ventilation of buildings, but he has found it better to abiuidon it^ and sub- 
stitute a propelling fan. It was pipposed by Mr Higgins to put in a chtanney 
on Archimedean screw to be tinned by the wind, and in this way it was 
thought a constant upward current would be caused. But the plan has little 
power, and is not now employed. 

To both these methods of extraction some of the objections already noted 
apply, but extraction by the fan is, of course, more uniform. 

SuB-SsoTioN n.— V entilation by Propulsion. 

This plan was proposed by Desaguliers, in 1734, t when he invented a fan 
or wheel inclosed in a box. The air passed in at the centre of the fan, and 
was thrown by the revolving vanes into a conduit leading from the box. In 
some form or other this fan has been used ever since, and the conduits leading 
'from it are now generally made large, so that the fan may move slowly, and 
deliver a large quantity of air at a low velocity. The fan, if small, is worked 
by hand ; if lai^r, by horse, water, or steam power. 

The fans are often made with six or eight rays, each carrying vanes at the 
end, which should be as close as possible to the enveloping box. In size, 
the length of the vanes should be more than half the length of the rays ; the^., 
number of rays should augment with the diameter of the orifice of access.! 
(P^clet, p. 269.) 

The amount of air delivered can be told by timing the speed of revolution 
of*the extremities of the fan per second, or per minute ; the effective velocity 
is equal to f tbs of this, and this isithe rate of movement of the air. If the 
section area of the conduit be known, the number of cubic feet discharged 
per second, minute, or hour can be at once calculated. 

flThe power of this plan is very considerable. With a fan of 10 feet 
diameter, revolving sixty times per minute, the effective velocity is 1414 feet 
per minute. The rate of movement in the main channel should not be more 
than 4 feet per second ; the conduits must gradually enlarge in calibre ; and 
the movement, when the air is delivered into the rooms, should not be more 
than 14 feet per second. 

At we Hospital Lariboisi^re in Paris, it is stated that 150 cubic metres 
( = 4296 cubic feet) have been delivered per head per Hour, in the wards 
ventilated by the propelling fan of MM. Thomas et Laurens. It must, how- 
ever, be rememberec^ that the later observations of General Morin have 
shown that much of the movement ascribed to the fan was really owing to 
natural ventilation. 

This plan is very well adapted for those cases in which a large amount of 
air has to be suddenly supplied, as in crowded music halls and assembly 
rooms. St George^s Hall at Liverpool is ventilated in this way. Ihe air is 
taken from the basement; is washed by being drawn through a thin film of 
water thrown up by a fountain!; is passed into calorifares (in the winter), 
where it can be moistened by a steam-jet, if the difference of the dry and wet 
bidb be more than four or six degreiBs, and is then propelled along the 


* tJre'B Dictionaiy, 1860 ; art. Ventilation, voL BL p. 961. 

t Conrse of Ei^rimental I^ilosopbv, vol. ii p, 6o4. The wheel wee shown to the Royal 
Society In 1734. 

X F^let, Be la Chalenr, 3d editioiL 1868, t. i pp. 258^ 268. Numerous kh^ of iSsns liar 
propulsion and extraction are figured, and detailM accounts of jconstrootion and ^amomit of 
work are given. 
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channels which distribute it to the halL In summer, it is cooled in the con-> 
duits by the evaporation of water« 

At the Hftpited Necker in Paris, and in many other places, the plan of Van 
Hecke is in use. A fan, worked by an engine, drives the air into small 
chambers in the basement, where it is warmed by cockle stoves, and then 
ascends into the rooms above, and passes out by outlet shafts constructed in 
the walls. The system is effective and economical, though it is only just to 
say that, the use of the fan excepted, it is precisely siunlar in principle to 
Sylvester’s. 

In addition to the fan, other appliances have beeen use(L Soon after 

Desaguliers proposed the fan, Dr 
[ Halea employed laa*ge bellows for 

I the same purpose, and they were 

used for some time on board some 
mon-of-war, and in various build- 
y ings. They were worked by hand ; 
and probably this, and their faulty 
construction, led to their being dis- 
used. Their use has been revived, 
and their form modified and im- 
proved by Dr Amott* (fig. 23). Dr 
Amott has shown that Hales lost 
much power by forcing his air 
Fig. 23, through small openings y and, by 

some ingenious alterations, has made 
an effective machine. It is a large box or cylinder, in which a piston woiks ; 
openings are made at the ends of sufficienjisize ;; oiled silk hangs over the upper 
openings on the imide^ and on the lower openings on the outdde of the box. 
Iliese covers, therefore, act as valves, and allow the air to pass in one direc- 
tion only ; as the piston moves, air is driven through the lower openings!^ on 
the side towards which the piston is moving, while fresh air enters at the 
same time through the upper openings at the opposite •end. A piunp of 6 feejb 
long, 4 feet wid^ made of deal boa]^s, and fitted with a piston of wood, can 
be constructed in a few hours, and will de^jver 96 cubic feet at every stroke. 

Dr Amott has also fitted up a gasometer pump, which was used in the 
York County Hospital for some time, but was finally disused, probably because 
the apparatus, though excellent in principle, was not quite large enough. 
The hydraulic air-pump, sometimes used in mines, is useful on a small scale, f 

The punkah used in India is another mechanical agent with a similar though 
.more imperfect action. Wlien a punkah is pulled in a room open on all sides, 
it will force out a portion of air, the place of which will be at once supplied 
by air rushing in with greater or less rapidity from all points. If the pimkah 
can be . moistened in any way, its cooling . effect is considerable^ Captain 
Moorsom, of the 52d Beg^ment, some years ago proposed an ingenious plan, 
which is given in the Indian Sanitary Eeport. A wheel turned by a bullock 
both moves the punkah, and elevat^ water, which then passes along the top 
of the punkah, and flows down it. 

The advant^es of ventilation by propulsion are its certainty, and the ease 
with which the amount thrown in can be altered. The stream of air can be 
taken from any pointy and can, if necessary, be washed by passing through a 

* On the Smokeless Fireplace, by Neil Amott, M.O., F.K.S., Ac., 1855, p. 162 ; and in 
nther pnblioations. In the figure ialf the valv^ are shown open, but, during action, the top 
ividves on one side,, and the bottom on the other, are alternately open or cloe^ 

^ t Urtfs Dictionary, 1860, toI. ii . p. 953. 
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thia film of mter, or through a thin screen of moisten^ cotton, and -can he 
-warmed or cooled at pleasure to any degree. In fact, the engineer can intro- 
duce into this operation the pi^ision of modem science. 

The disadvantages are the great cost, the chances of the engine breaking 
down, and some ^fficulties in distribution. If the air enter through small 
openings, at a high velocity, it -wiU make its way to the outlets without mix- 
ing. The method requires, therefore, great attention in detaiL 

SECTION IV. 

EELATIVE VALUE OF NATURAL AND ARTIFICIAL 
►VENTILATION. 

' Circumstances differ so widely, that it is impossible to sdect one system in 
preference to aU others, la temperate climat^ in most cases, especially for 
dwelling-houses, barracks, and hospitals, natural ventilation, with such powers 
of extraction as can be got by utilising the sources of warming and lighting, 
ia the best. Who, in fact, would not attempt to make use of these 
vast powers of nature which are ever ready to serve us 1 Incessant movement 
of the air is a law of nature. We have only to allow the air in our cities 
and dwellings to take share in this constant change, and ventilation wiU go on 
uninterruptedly -without our care. _ 

In some circumstances, however, as in the tropics, -with a stagnant and 
warm air ; and in temperate elimates in certain buildingE^ where there are a 
great number of small rooms, or where sudden assemblages of people take 
pfeflb, mechanical ventilation must be used. So much may be said both for 
the system of extraction and propulsion under certain circumstances, that I 
tbinlr it is impossible to give an abstract preference to one over the other. , 
This is evident, indeed, from the fact, that quite contrary opinions have been 
arrived at by equally competent men- Peclet, whose great authority no one 
cain doubt, says (De la Chalour, t. iii. p. 63), “Mechanical ventilation has 
then an immense advanitage over the ventilation of an extracting chimney” 
{ehmink d’appd) ; and Grassi, from a comparison of the two plans at the 
Lwiboisi^re Hospital^ unequivocally condemned the system of extraction as 
arranged by Duvoir. Yet, lately. General Morin, after a fresh inquiry into 
the whole subject, has as decidedly pronounced t^ system of propulsion, to 
be everywhere inferior to that by extraction. Heh^ also condemned, the 
plfl Ti of Van Hecke, which previously had been praised by Pettenkofer. In 
fact, it is evident t^t the special conditions of the case must determine the. 
choice, and we must look more to the amount of air, and the method of dis- 
tribution to the actual source of the moving power. But in either case 
the greatest engineering skill is necessary in the arrangement of tubes, the 
supply of. fresh air, &c. The danger of contamination of air as it passes 
through long tubes, and the immense friction it meets -virith, must not be over- 
looked. For hospitals, I cannot but bjelieye natural ventilation is the proper 
pUn The cost of the various plans will depend entirely on circumstances; 
the miture of the building; the price of materials, coal, &c. On the whole, 
the plans of ventilating and warming, by hot-water pipes, and Van- Hecke’s 
plan, are cheaper than ike method by propulsion by means of a huge -fan; but 
the hitter gives us a method which is more under engineering control, and is 
better adapted for hot climates when it is desired to cool the air. 



CHAPTER IV. 


EXAMUrATIOir OF AIR AND OF THE SUFFICIENCY OF 
VENTILATION. 

The sufficiency of ventilation should be examined — 

By determining the amount of cubic space assigned to each person, and 
the amount of movement of the air, or, in other words, the number of cubic 
feet of fresh air which each person receives per hour. 

By examining the air by the senses, and by chemical and mechanical 
methods, so as to determine the presence, and, if possible, the amounts of sus- 
pended matters, organic vapour, carbonic acid, sulphuretted hydrogen, and 
watery vapour. 


SECTION L 

MEASUREMENT OP CUBIC SPACE.* 

The three dimensions of length, breadth, and height are simply mullipli^ 
into each other. If a room is square or A»long, with a flat ceiling, there is, 
of course, no difficulty in doing this, but frequently rooms are of irregular' 
forni^ with angles, projections, half-circles, or segments of circles. In such 
cases the %ules for the measurement of the areas of circles, segments, triangles, 
ftc., must be used. By means of these, and by dividing the room into several 
parts, as it were, so as to measure first one and then another, no difficulty * 
will be felt. After the room has been measured, recesses containing air should 
be measured and added to the amount of cubic space ; and, on the other hand, 
solid projections, and solid masses of furniture, cupboards, &c., must be 
measured, and their cubic contents (which take the place of air), deducted* 
from the cubic space already measured The bedding also occupies a certain 
amount of space; a scSidiel^s hospital mattress, pillow, three blankets, one 
coverlet, and two sheets, will occupy almost 10 cubic feet, about 7 if tightly 
rolled up. It is seldom necessary to nmke any deduction for tablei^ chairs, 
and iron bedsteads, or small boxes; it is a refinement to do this, or to 


* The.following are some useful measures ; — 
i'cubmfoot, 

Imut, 

1 fluid ounce, 

1 cubic metre (Fl^ch), 

Ilitre (Fmch), . 
l.litre, 

1 cubic centimetre, 


1728 cubic inches. 

28*81 French litres* 

84^ cubic inches. 

V788 „ „ 

85*^1858011^0 feet (Etudish). 
07085818 cubic feet. ^ 
81*027 cubic inches. 

0*06108 cubic inches. 


Cubic centimetres are to cubic inches as 18*4 to 1. 

The Prossian foot is equal to 12*857 inches, or 1*0298 EngUsh fe^ the cubic foot'IVns« - 
siau is etmal to 1*092 cubic feet English, or almost l*10th more. The Prussian square foot is 
eqCal ta^52*7 sqimTe English inches, or 1*0605 English square feet ^One En g iiai^ square foot 
is e^nai to *9429Pni8sian square feet. 
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reduce tiie. tempeialnire of itie air to standard tampmtor^ aa^ ia sometimea. 
done. 

A deduction must be made, howeyer, for the bodies of personae livmg in 
the room ; a man of average size takes &e place of about 2^ to 4 cubic feet 
of air (say 3 for the average).* 

In linear measurement^ it is always convenient to measure in feet and 
decimals of a foot, and not in feet and mches.t If square inches are 
measured, they may be turned into square feet by multiplying by 007. 


Buuffls — Area or Supefificies, 


Area of circle^ . 

» • • 

Circumference of cirde^ 
Diameter of drcle^ 

Area of ellipse^ . 

Circumference of elUpeCy . 
Area of rectangle^ 

Area of parallelogram, 
Area of trapedum, 




Fig. 25. 


-7864. 

^C^x 0796. 

.D X3-1416. 

= G -f- 31416. 

^ f Multiply the product of the. 
‘ ( two diameters by *7864. 

i Half sum of the two diame- 
■ X ters by 3*1416. 

> Multiply two sides. 

/. Multiply a side by its width 
‘ ( on the square. 

Multiply J sum of tK^' two 
perpendiculars by the dia- 
gonal on. which they fall ; 
or 


Area of trapezoid, 



Divide into two trismgl^ 
in the most convenient 
manner, calculate the 
areas, and take the sum. 

Take^. L the sum of the 
paralU sides and multi- 
ply by the distance bo- 
. tween, them. 


Fig. 26. 


* The weight of a man in; stonea divided by J^givea the.eahio feet he ocoujuee. Thuea man 
weighing 12 stones occupies 8 cubic feet. 

*t7nie following table may be found oonvenliiit 


Inches. 

Decimsl parts of : 
afoot 

Xhchea 


rMmal ptfUisI 
afooa 

12 

«. 1*00 

6 

«■. 

0-50 

11 

« 0^ 

6 

M- 

0^ 

10^ 

0*88 

4. 


0*88 

9 

- 0*76 

8 

mm . 

0*25 

8 

.. 0'«r 

2 

•m 

0*17^ 

7 

0*58 

1^ 

■miu.. 

CtOSr 



1 * 76 ^ TEJmLA^ 

Base X I heiglit^ on 
Height X I base. 


Fig. 27. 

To f of product of chord 
and height add the cube 
of the height divided by 
twice the chord 

' TT8 

H X f) + ^ 

_Cubic Capacity of a Cube. — ^Multiply the three dimensions, length, 
breadth, and height . ^ 

Cubic Capacity of a Cone or Pyramid. — TArea of base x J height 
Cubic Capacity of a Cylinder. — ^Area of base x height 
Cubic Capacity of a Parallelepiped. — Multiply area of one side by the . 
perpendicular let fall on it 

Cubic Capacity of a Dome. — ^Two-thirds of the product of the area of the 
base multiplied by the height (area of base x height x §). 

Cubic Capacity of a Sphere. — x *5236. 

The cubic capacity of a bell-tent may be taken as that of a cone. 

‘ The cubic capacity of an hospital marquee must be got by dividing the 
marquee into several parts^ — Is^, into body ; and roof : — 

1. Body, as a solid rectangle, wife a half cylinder at each end. 

2. Koof, solid triangle, and two half cones. 

The total number of cubic feet, with additions and deductions all nj^e, 
must then be divided by the number of persons living in the room ; the result 
ia the cubic space per head, r 


Area of segment of circle^ . 



Fig. 28. 


Area of triangle^ 



SECTIOIT IL 

MOVEMENT OF AIE IN THE ROOM. 

' The direction of movement must first be determined, and then its rate. 

1, nm&OTlON OF MOVEMENT. 

First enumerate the Various openings in the room — doors, windows, 
chimney, special openings, and tub^ — ^and consider which is likely to be the 
direction of movement^ and whether there is a possibility of thorough move- 
ment of the air. Then, if it is not necessajy to consider further any move- 
ment through open doors or windows, close all these, and examine the move- 
ment through the other openings. This is best done by smoke disengaged 
from smouldering cotton-velvet, and. less perfectly by small balloons, light 
pieces of paper, feathers, &c. Tbe flame of. a candle, which is often used, is 
only moved by strong currents. It may be generally taken for granted that 
ono-half the openings in a room will admit fresh air^ and half will be outlets. 
But this is not invariable, ^ a strong outlet, like a chimney, may draw air 
through an inlet of far greater area than itrol^ or may ^raw it through a 
much smaller area, with an increased rapidity, _ , 
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2. RATE OP MOVEMENT. 

The direction being known, it is only necessary to measure the discharge 
through the outlets, as a corresponding quantity of fresh air must enter. 

By the Anemometer . — ^This is best done by an anemometer, or air-meter, of 
which there are several in the market The one commonly used is that 
invented by Combes in 1838 : four little sails, driven by the moving air, turn 
an axis with an endless screw, which itself turns some small tooth^ wheels, 
which indicate the number of revolutions of the axis, and consequently the 
space traversed by the sails in a given time, say one minute. M. Neumann, 
of Paris, has modified this anemometer by omitting most of the wheels, and 
introducing a delicate watchmaker’s spring, which opposes the force of the 
wind, and when it equals it, brings the sails to a st^d-stilL By a careful 
graduation (which must done for each instrument), the rate per second is 
determined, and is indicai^ by a small dial and index. 

Hr Casella of Hatton Garden, has, at my suggestion, modified and improved 
this instrument, and has adapted it to English measures. A very beautiful 
instrument is thus available at a comparatively low price, by which the 
movement of air can be measured very readily. 

Casella’s air-meter is thus used : — ^Being set at the zero point, it is placed 
in the current of air ; if it is placed in a tube or shaft, it should be put well 
in, but not quite in the centre, as the central velocity is always greater than 
that of the side ; a point about two-fifths from the sides of the tube will /give 
the mean velocity. The time when the sails begin to move is accurately 
noted, and then, after a given time, the instrument is removed, and the 
movement, in the time noted, is given by the diaL A correction is then made, 
if tlm instrument reciuires it, and the linear discharge is obtained.* If this linear 
discharge is multiplied by the section^area of the tube or opening (expressed in 
feet or decimals of a foot), the cubic discharge is obtained. If the current 
varies in intensity, the movement should be taken several times, and the mean 
calcnlatcd ; and if the tube is so small that the sails approach closely to the 
circumference, the results cannot be depended on. If placed at the mouth of a 
tube, it often indicates a much feebler current than really ex^ts in the tube. 

The cubic discharge per minute being known, the amount per hour is got 
by multiplying by 60, and this, divided by the number of men in the room, 
gives the discharge per head for that particular aperture. 

An anemometer on a larger scale is fixed in some of the large outlets of the 
Paris hospitals, showing the movement at every moment by means of an 
index and diaLt 

By the Manometer . — ^Dr Sanderson has made an ingenious alteration of a 
manometer described by P6clet, which can also be employed to measure the 
pressure, ^d by calculation the velocity, of the air. The current of air is 
allowed to impinge on a surface of water, and the height to which the water is 
driven up a tube of known inclination and size gives at once a measure of force. 
But, as necei^itating a little calculation, this instrument is less useful than the 
anemometer, though it is adapted for cases where the anemometer cannot be 
used, as it may be connected by a long tube with a distant room, and probably 
would be well fitted to measure constantly the velocity in an extraction shaft. 

In measuring the movement of the air in chimneys, or places whether 
either the heat or the dust would injure the air-meter, a manometer must be 
used. Mr Fletcher describes what appears to he a good one.t 

^ All instrunieats reqaire correction, aa they never ^ve the whole of the velocity. In 
Oaeella’e newest forms the correction is additive and unifonn for all velocities. 

+ PAilet'~De la Chaleur. t. L p. 171, where the description will be found. 

X Fifth Annual Report of the inspector under the Alkali Act, Blue Book. 
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By Colculati<yii . — Supposing the external air is tranquil, and that the only 
oause of movement is the unequal weights of the external colder and the 
internal warmer air, the amount of discljiarge may be approximately obtained 
by the law of Montgolfier, described in the chapter on Ventilation, There 
is a fallacy, however, as the amount of friction can never be precisely knowm 
StUl, as an approximation, and in the absence of an anemometer, the rule is 
useful 3 and I have therefore calculated a table as folio wa 

On testing this table, however, by the air-meter, I have found it give too 
much when the tubes are long, on account of the great friction, and would 
therefore advise the further deduction of Jth when the shaft or tube is long, 
and is at the same time of small diameter. If the tube has many angles, or is 
greatly curved, this table is too imperfect to be used. 

Table to show the Discha/rge of Air in linear feet per minute. Calculated from Mowt^ 
golfi&fs formula ; ^ expansion of air being taken as 0*002 /or each degree Fahrenheit, 
and one-fourth being deducted for friction, (Bound numbers have been taken,) 



To use the table, determine the height of the warm column of air fh>m the point of entrance 
to the TOint of dischai^^. Ascertain the difference between its temperature and that of the 
external air. Take out number from table, and multiply by the section -area of the discharge- 
tube or opening, in foot or decimals of a foot. The result is the discharge in cubic feet per 
minute, multiply by 60— result, discharge per hour. Example,— of column, 32 feet : 
difference of temperature between internal and external air, 17 deg. Looking in the table, we 
. find opposite to oZ and under 17, 375 feet. That would be an area of 1 square foot 

376 

•76 

But supposing onr jur opening to be only Therefore we get 281 feet (per 

J of a foot, we must multiply 876 by j 1876 minute), multiplied by 60 — 

' at 0'76 of a fbot. 2626 16,860 feet per nour. 


281-25 
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If the movement of the external air inflaencee the movement in the room, 
as when the wind blom through openings, calculation is useless, and the 
anemometer only can'he depend^ on. 

SECTIOIT III. 

EXAMINATION OP THE AIR. 

1. BY THB SENSES. 

Many impurities are quite imperceptible to smell, but it so happens that 
animal "organic matters, whether arising in respiration or in disease, have, for 
the most part, a peculiar foetid smell, whichis very perceptible to those trained 
to observe it when they enter a room from the open air. This is, in fact, a 
most delicate, as well as a ready way of detecting such foetid impurities, and, 
with a little trouble, the sense of smell may be cultivated to the point of ex- 
treme acuteness. Only, it must be remembered, that in a short time the 
impression is lost, and is not at once regained even in the open air. For a 
detailed consideration of this question see Dr de Chaumont’s papers in the 
‘‘Proceedings of the Eoyal Society,” 1875 and 1876. Among ottier points, 
it is shown that the humidity of the air has a very marked influence 
in rendering the smell of organic matter perceptible, even more powerful than 
a rise in temperature. Thus the effect of an increase of (ytie per cent in* the 
humility is as great as a rise of i*** 18 Fahr. in temperature, calculated from 
the mean of 458 fully recorded observations.* 

As the evidence of the senses, however practically useful, is always liable 
to b9 challenged, a more thorough examination of the air must in many cases 
be made. * 

2. HIOROSOOPIOAL AND GHBMIOAL EXAMINATION, 

m.. 

The points which should be examined are — f 

1. The existence and character of suspended matters as judged of by the 

microscope. 

2. The amount of carbonic acid, which is taken as a convenient measure of 

all impurities. • 

3. The amount of the ammonia existing as such, or formed by the action 

of alkaline permanganate on nitrogenous substances floating in the air 

(free and albuminoid ammonia). 

4. The amoimt of oxidisable subst^ces, as judged of by the amount of 

oxygen given off by permanganate. 

5. The amount of watery vapour. 

6. The presence of sulphuretted hydrogen, or of ammonia. 

Microecopical Examination. 

1. Suspended McUtera.i—li is probable that the microscopical examination 
of air will give us in future niore important information even than the chemic^ 
examination. It is, of course, a merely qualitative test^ as there are no means 
of properly estimating the amount collected. 

N * Tlieoiy of VentUation, Proceedings of the Royal Society.* 

t The amounts of oxygen and nitrogen can also be detennined ; but very numerous obser- 
vations have ihowri that the oxygen oftSn varies within extremely narrow limits, even when 
there is no doubt of the presence of considerable impurity in the air, so that as far as present 
knowledge giv^ the determination of its amoimt is no good guide aa a general rule. 

bee pa^ an account of the suspended matters in air, 



The Buspended matters may be collected very simply by PouchetVaeroscope. 

A small fiumel.is drawn into a small point, below which is a slip of glass 
moistened with glycerine. The end of the funnel and a slip of glass are inclosed 
in an air*tight chamber, from which a small glass tube passes out and is con- 
nected by india-rubber tubing with an aspirator. As the water runs out 
through the aspirator, air passes down the funnel and impinges on the gly- 
cerine, which arrests any solid particles. 

As it is, however, desirable to avoid glycerine, which may (in spite 'of^ 
previous careful examination) contain foreign particles, a still better plan is, 
take a small bent tube, wash it thoroughly, dry it^ and heat it to redn^j 
when cool, it should be placed in a freezing mixture, an india-rubber tube! Ip. 
fixed on one end, and air slowly drawn through ; the water of the air condenps^ 
in the tube, and many of the solid particles faU with it; A drop is th^ ta^n'V 
by a perfectly clean glass rod, previously heated to redness, placed on a'Clpn 
glass, and looked at with an immersion lens, as soon after collection as 
sible. - 

Or air may be drawn tlfrough pure distilled water, a drop of which' is then 
examined. * , g : 

Dr Watson (Staflf-Surgeon), in his examination of the air at Ifetley,* used 
fine glass threads soaked in pure glycerine, or dry, and cnished glass ; after 
the air was drawn through, he washed the glass threads with pure water, and 
then examined the water. These glass threads form good traps for the larger 
particles.! 

An aspirator, to draw air through the tubes, is very easily made ; a square 
tin vessel, with a tap below, and a small opening above to receive the india- 
rubber tube, is all that is necessary ; fill this with water, and let it run (^wn, 
and measure the total quantity (in a pint vessel) discharged without tilting the 
vessel. An imperial pint contains 34’6o9 cubic inches, and one fluid ounce 
1’733 cubic inches. A cubic foot is very nearly 1000 fluid ouuces, and the 
ounce-may be taken as 1'728 cubic inches.^ The exact delivery o^ the 
aspirator is, therefore, easily determined ; the air should be drawn slowly 
through the bent tube in the freezing mixture or thi’ough the aeroscope, so 
that no particles can escape. 

Chemical Examination. 

2. Estimation of Carbonic Acid . — For our purpose the method proposed 
by Pettenkofer is the best A glass vessel is taken capable of holding a 
gallon, or litres. The capacity is determined by filling it with water, 
by measuring the contents by means of a litre or pint measure (1 o*. =|(B;4 
cubic centimeters). The vessel is thoroughly dried, and is then fille(i,;^tb 
the air to be examined, which is most readily done ,by pumping ini^ the air ^ 
with a bellows. Angus Smith recommends extracting the air ^m the ■ 
When.this is done 60 C.C. of clear lime or baryta water are put in, and'the V 
mouth is closed with an india-rubber cap.§ lie vessel is agitated, so that 
the lime water may run over the sides, and then is loft to stand for not less 
than six or eight hours if lime-water be used ; if baryta-water he used the 
experiment may be completed in a much shorter time, less than one hour# 

* Army Medical Department Report, vol. xi. p. 529. 

». t 1 have found carrying the air through a Bucoeasion of bottles containing pure distilled 
water the best plan, for the s^ixnent is examined by the microscope, and the liquid part oan 
be used for diemical examinations. for organic matter, (F. de C.) 

t These numbers are exact at 89** Fahr., or the maximum density point of water. 

, § Should an india-rubber cap not be available, a cork or a bung may be use^ tied over with 
:\]eathe^ or oilskin ; in that case the second alkalinity of the lime-water (if this be used) should 
'^be determined as soon after the six or eight hou» as possible, certainly within 24 hours. 
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The carbonic acid is absorbed by the lime or baryta water, and consequently 
the causticity of these fluids is, pro tanto^ lessen^ If the causticity of the 
lime or baryta is known before and after it has been placed in the vessel, the 
difference give the amount of lime or baryta which has become united 
with carbonic acid. 

The causticity of lime is determined by means of a solution of crystallised 
oikalic acid. If 2 '25 grammes of crystallised 0 (0 + 3Aq) are dissolved in 
litre of water, 1 C.C. will exactly neutralise 1 milligramme (*001 gramme) 
lime; 30 C.C. of lime water are taken, and exactly neutralised; good 
l^pneric paper is the best plan for determining the exact point of neutraJisa- 
tll^ and the margin of the drop gives the most delicate indication. The 
amount, of lime in the 30 C.C. is then equal to the number of C.C. of oxalic 
add u^ ; it is always somewhere between 34 and 41 milligrammes.* 

■ Aftd the lime has absorbed the carbonic acid of the air in the vessel, 30 
CiGi of the solution are taken out and tested with the oxalic acid solution as 
betfore ; the difference shows the milligrammes of lime precipitated by the 
COg- 'Multiply the difference by 0*795, the result is the C.C. of CO 2 in the 
qitontity of air examined. Deduct 60 C.C. from the total capacity of the jar 
(to account for the space occupied by the lime water put in), and state the 
capacity in litres and decimals: divide the C.C. of COg obtained by the 
corrected capacity of the jar; the quotient is the C.C. of COg per 1000 
volumes of air. 

Example , — The first alkalinity of lime-water ) gg. 30 C C 


After exposure to the air in the ) 
jar it was, . . . . / 

Difference, being milligrammes of \ 

lime, ) 

Multiply by factor, . . . C 


6* precipitated by COg in 
jar. 


4*770 = Total COg in jar in CC 

Capacity of jar, . . . , . . 4385 C.C. 

Deduct 60 CC. for space taken J)y lime-water, 60 

Net capacity} = 4325 C.C. » 4*325 litres. 

Then 4*770 -1-4*325 = 1*103 C.C. of COg per litre, or volumes per 1000. 

T^ factor 0*795 is obtained as follows: — ^The difference between the two 
AlkaljiTiities expresses milligrammes of lime precipitated by carbonic acid ; from 
milligramme^ of COg can be got, by calculating from the ratios of 

CaO. CO,. IfgiH-ofCaa Mgm.ofCO^ 

^ • 44 

66 : 44 : : a : x : .*. a? = ax_. 

56 

As one C.C. of COg at 32** Fahr. (0®. cent.) weighs 1*9767 milligrammes, 

the ratio between weight and volume is j ■■ 0*606 ; x x 0*506 = C.C. 

® 1*9767 

of COg, corresponding to the milligrammes by weight As 60 C.C. of limeh 
water were put into the jar, and only 30 C.C. taken, the result must be 


* Tbs amount varies with the temperature^ lime being less soluble in hot than cold watw, 

at 60*7 the amount is 88*6 with a dinereuce of +0*1 for every degree below that, and- 0*1 Ibr 
fivery degree above (Fahr.). 
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multiplied by 2. Therefore the factors combined are : gg x 0*606 x 2 = 0'796j| 

and this, multiplied by a, the difference between the two a lk a linit ies, gives 

the total C.C. of COg in the jar. 

If baryta be used instead of lime, it must be free of traces of potash and soda^ 
a much smaller quantity of liquid may be employed, as it is so much more 
soluble than lime ; the calculation is the same. 

A correction for the temperature of the air examined must be made, the 
standard being 32“ Fahr., or the freezing-point of water. If the temperature 
be above this (as it will generally be, at least in buildings) the air will be 
expanded, and a smaller quantity, consequently, will be operated on. On the 
other hand, below 32“ the air wiU be contracted, and a larger quantity 
operated on than at the standard temperature. This can be corrected by 
adding 0*2 per cent, to the result for every degree above 32°, and subtracting 
it for every degree below ; the reason being that air expands or contracts 0*2 
per cent, for every degree Jor 1 per cent, for every 6 degrees) it deviates from 
the standard. (See MbtIBrology.) 

Example. — ^In the preceding example the COg was found to be 1-103 per 
1000. Suppose the temperature to have been 60“ Fahr., then 60 - 32 = 28“ 
to be corrected for ; 28 x 0-2 = 5*6 per cent, to be added on to result, or the 
result must be multiplied by 1-056, .•. 1*103 x 1-056 = 1*154 per 1000, the 
corrected result Suppose the temperature had been 26“ Fahr., then 
32 - 25 = 7“ to be corrected for ; 7 x 0*2 = 1*4 per cent, to be deducted, or the 
result must be multiplied by 1 *00 - *014 = 0*986, . *. 1 *103 x 0*986 = 1 *087, the 
corrected result 

A correction for pressure is not necessary, unless the place of observation 
be much removed from sea-level ; in that case, the barometer must be observed, 
and a rule of three stated. 

As standard height of bar: 1 / observed height ) , , * ^ 

( = 29-92 in. =.760 mm.): J t of bar! J- -- capacity . 

3. Estimation of Free Ammonia and of the Nitrogenovs Matter in Air by 
conversion into Albuminoid Ammonia. — ^The nitrogenous matter existing in 
air may bo in the form of dead or living matter of very various kinds. Its 
determination may be useful as showing ttiat one or other of these classes of 
substances exists in the air in proportions greater than in pure air. The 
amount of nitrogen may be estimated in a similar manner to tliat proposed by 
Wanklyn and Chapman for water. The late Mr Chapman,* finding that water 
did not sufficiently absorb the nitrogenous substances in air, proposed to heat 
finely-powdered pumice-stone to redness, to moisten it with pure water, and 
then to place it over some coarse pieces of pumice-stone supported on wire in 
a funnel ; a definite quantity of air (say 100 litres) is then drawn through the 
funnel ; the pumice-stone is transferred to a retort containing water freed from 
ammonia, and distilled as in the determination .of the albuminoid ammonia 
of water. (See page 83.) Dr Angus Smithf takes a bottle of about^2000 
C.C. capacity, places in it 30-50 C.C. of the purest water, draws into It the 
air to be examined, and then agitates the water in the bottle, and proceeds 
as in Wanklyn^s and Chapman's water test. The most convenient way is to 
draw the air through a succession of wash bottles, each containing 100 C.C. 
of water, perfectly free from ammonia, by a measured aspirator, and then to 
determine the free and albuminoid NHg in Wanklyn's method. 

Another plan is to lead a definite quantity of air through a clean curved 


♦ Chemical News, Feb. 11, 1870, 


f Air and Bain, p. 421. 
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tub^ sorrounded bj a freezing mixtuie ; the water of the air condenses, and 
with it much of the organic matter ; the tube is then washed out with pure 
water, the washings are put into a retort with ammonia-free water, and distilled 
as usual After passing through the tube the air should be led through pure 
water to arrest the portion of organic matter that always escapes condensation. 

The amount of ammonia (free and albuminoid) is determined as in water 
analysis. The mere presence of free ammonia may be determined by exposing 
strips of ffltering paper, dipped in Nessler’s solution or in the ethencd solution 
of the alcoholic extract of logwood : the former becomes yellow, the latter 
purple. 

The quantity of air drawn through must, of course, be accurately determined 
by a properly arranged aspirator, and the results then calculated in milli- 
grammes per cubic metre.* 

4. Estimation of the Oxidisahle Matters in, the Air in terms of Oxygen . — In 
this case a definite quantity of air is drawn through a solution of permanganate 
of potassium of known strength, and the amount of undecomposed perman- 
ganate is determined by oxaUc acid. Or part of the water through which the 
air has been drawn for the ammonia determinations may be examined in 
the same way as in the case of drinking water. The permanganate acts upon 
various matters in the air, besides the putrescible organic matters, such as 
sulphuretted hydrogen, nitrous acid, tarry matters, &c. The presence or 
absence of HgS may be determined qualitatively by means of acetate of lead 
papers, ammonium sulphide by paper dipped in nitropnisside of sodium; 
whilst tarry matters would generally be recognised by the smell of the water, 
or its turbidity. In the absence of those the difference between the perman- 
ganate determinations, before and after boiling with sulphuric acid, may be 
calculated as nitrous acid, as in the case of drinking water ; whilst the result 
after boiling may be reckoned as the oxygen for oxidisable organic matter 
only.t 

The nitric acid may also be determined, in the same way as in drinking 
wafber, from the washings of the air obtained as above. 

All these determinations should be made, when opportunities offer, as the 
results may prove hereafter of some value. 

5. Watery Vapour . — The hygrometric condition of the air is known in vari- 
ous ways, especially by the dry dhd wet bulbs, as explained in the chapter 
on Meteorology. The hair hygrometer is a very useful instrument for this 
purpose, as it marks the degree of humidity much more quickly than the dry 
and wet bulbs. 


SECTION IV. 

SCHEME VOU THE APPLICATION OF THE FOREGOING RULES. 

"When a ventilation inquiry is about to be made, everything ought to be got 
ready before-hand. A number of bottles (about 4 to 4^ litres), or glass jars, 
ought to be carefully me^ured, and the capacity in C.C. (less 60 C.C. to 
account for the lime-water) marked upon them ; each bottle ought also to have 
a closely fitting indiarrubber cap and a distinctive number. These bottles are 
to be used for collecting the samples of air for COy Charges of lime-water 
(each 60 C.C.) ought to be carefully measured off with a burette, or graduated 

* One cubic metre equals 1000 litres, or 1,00^000 CC. 
f See ]^port8 on St Mary’s Hospital by Dr. F. de dmumont. 
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pipette, into small stoppered bottles. Two or more sets of wet and dry bulb ther- 
mometers ought to' be ready, and two or more series of not less than six bottles, 
each containing about 100 C.G. of pure distilled water, connected together 
with glass tubes and india-rubber caps ; also four or more aspirators*^ for draw- 
ing the air through the bottles. One of Casella's small air meteis, with a long 
pole in joints, into which it can be screwed, a measuring tape and foot rul^, 
a pair of beUows, a pocket compass, some pieces of cotton-velvei^ a note-book, 
are also necessary. 

When a room has to be examined, enter it after being some time in the 
open air, and notice if there be any smell ; record the sensation dt once in your 
notes. Hang up the wet and dry bulb thermometer (if it has not been phwed 
there before), and then proceed to take samples of the air for COo^ if 
necessary, attach a piece of india-rubber tubing to the no23sle of the beUows, 
so as to get down to the bottom of the jar. Pump about 50 or 100 strokes ; 
then pour in the lime-water from one of the small bottles, put on the indi^ 
rubber cap, and shake it up. Always take two samples at least, and more if 
a large room, Hote the numbers of the bottles. Take the wet and dry bulb 
readings. Arrange the set of bottles with distilled water in some convenient 
place, and attach them to one of the aspirators, which may be allowed to flow 
into another below it When the upper one is empty it may be changed for 
the lower one, and so the stream of air may be carried on for any length of 
time, as seems necessary, — ^the number of times the aspirators are changed 
should be dtily noted. In determining the carbonic acid, put out all the 
lights, or have only sufficient for working purposes ; allow no smoking, and 
have no person in ftie room but those who are rieeping thera The aspirators 
may be allowed to go on continuously, but the examination of |he 
air for COg ought to be repeated at intervals, the exact time of observa- 
tions being noted. At the same time, similar observations ought to be made 
in the open air, as nearly as possible simultaneously with those insida At 
some convenient time the measurements of the room and the ventilators, the 
velocities of the currents of air, &c., should be taken on some such plan as the 
following : — ^Measure the cubic space, then consider the possible sources of 
entrance and exit of air ; if there are only doors and windows, notice the dis- 
tance between them, how they open, on what external pl^e they open; 
whether there is free passage of air from sidfe to side ; whether it is liely the 
air wiU be properly distributed. On all these points an opinion is soon 
arrived at. If there are other openings, measure them aU carefully, so as to 
get their superficies ; the chimney must be measured at its throat or smallest 
part. Determine then the direction of movement of air through these open- 
ings by smoke, noting the apparent rapidity. The doors and windows should 
be closed. When the inlets have been discovered, consider whether the air 
is drawn from a pure external source, and whether there is proper distribution 
in the room, llien measure the amount of movement in l^th inlets and 
outlets with the anemometer, or calculate by the table if it seems safe to do 
so. 

If the ventilation of the room is influence by the wind, the horirontal 
movement of the external air should be determined by Bobinson’s anemo- 
meter, or the little air-meter by Casella may be also used for this purpose. 

f The aspirator is simply a tin box of about one cable foot (28^ litres) in capacity, it is filled 
with water and there is a &ort tube in the top, to which the tube from the bottle may be con- 
nected 1^ means of an india-rubber cap. At tbebottomthereisa tap by which the watercanbe 
drawn on : as the vessel empties an equivalent bulk of air enters, having passed through the 
bottles. Each time an aspirator is empbed the quantity of air drawn through should be noted ; 
the velocity of the ourrent ought not to be too great, and it con be easily regulated by the tap. 
It is well to number tlie aspirators and mark the capacity on each, as in the case of tne bottles. 
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Li recording the velocity of the" air at any openings, it is convenient to 
mark an incoming current with a pltis sign and an outgoing with a minus, 
thus: + 75 would mean an incoming current at the rate of 75 feet per 
minute ; whilst - 63 would mean an outgoing current at 63 feet per minute. 

When the final analyses are made, and the amount of COg determined, the 
amount of air per head per hour, supplied and utilised, ought to be calculated 
out (as before explained), and .compared with the amount of m6vement 
determined with the air meter. If the quantities accord fairly, the distribu- 
tion may be considered good ; on the other hand, if they differ, an excess by 
the air-meter shows bad distribution, whilst a deficiency indicates some other 
source of incoming air not yet observed. 

The water, through which the air has been passed by the aspirator, ought 
to be examined at once, if practicable ; if not, the bottles ought to be carefully 
stoppered, and the stoppers ti^ down with leather or strong linen, — when 
convenient, the sediment should be examined microscopically, and the water 
(when the sediment has subsided) chemically as before explained. 
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SECTION L 

GENERAL PRINCIPLES OF DIET. 

A POOD is either a substance with a store of potential or latent enoi^, which 
is capable of being manifested in the body under the form of heal^ electricitj^, 
mechanical movement, formative power (if such a term may be used), &c., 
and which manifestations serve the purposes of healthy life,* or it is a sub- 
stance which aids or permits the manifestation and application of this energy. 
Under the first head come all the substances capable of oxidation (or deoxida- 
tion, or splitting, if it be hereafter proved that energy is manifested or 
transformed during such alterations) ; and under the second, the substances 
which, though not oxidisable, play an essential part in preparing the conditions 
for chemical changes, such as water and some salts. Neither class, yer sc, is 
capable of the manifestation of energy, and thereftre the title of food is 
strictly applicable only when both classes are present. Indeed, it may bo ^feid 
that the full powers as food, even of the first class, are only manifested when 
certain different kinds of aliments which make up the class exist together. 
There must, therefore, be a combination of the so-called foods to maintain 
perfect nutrition. The enumeration and classification of the foods or aliments 
necessary to maintain human life in its most perfect state have been usually 
based on the deduction of Front, that milk contains all the necessary aliments, 
and in the best form. The substances in milk are — 1st, the nitrogenous 
matters, viz., the casein principally, and in^smaller quantities, albumen, lacto- 
protein, and perhaps other albuminous bodies ; ^d, the fat and oil ; 3d, sugar 
in the form of lac tin ; 4th, water and salts, the latter being especially com- 
binations of magnesium, calcium, potassium, sodium, and iron, with chlorine, 
phosphoric acid, and in smaller quantities sulphuric acid. 

In addition to their occurrence in milk, which is admitted to be a perfect 
food for the young, this enumeration of aliments appears to be justified by 
two considerations. First, that the different members of each cl^, inter ac, 
have a remarkably similar composition, while there are broad lines of physical 
and chemical demarcation between the classy j and secondly, that the 
different classes appear to serve different purposes in nutrition, and are all 
necessary for perfect health. 

The first point is obvious enough. The nitrogenous aliments are blood- 
fibrine, muscle-fibrine or syntonin, myosin, vegetable fibrine, albumen in its 
various forms, casein (in its animal and vegetable forms), and globulin. 
Their composition, &c., is remarkably uniform; they contain between 16*4 
and 16*5 per cent of nitrogen, and may be conveniently distinguished by the 

* addition that the mwifestation of energy in the body serves the purposes of healthy 
antrition ia neoessary to distinguish the actions of food f^roni those of medicines or poisons, 

^ only seiva healthy nutrition indiiectly^by acting on the processes of unhealthy nutrition. 
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common term of albuminates. They can replace each other in nutrition; 
There are some other nitrogenous bodies, such as gelatine and chondrhi, and 
the substances classed under keratin or elastin, which, though approaching in 
chemical characters to the other substances, are not their nutritive equals. 

The second class consists of the various animal and vegetable &ts, wax, 
&c., the composition of which is very uniform, and the chief nutritive differ- 
ences of which depend on physical conditions of form or aggregation, which 
cause some fats, when acted upon by the alimentary fluids, to be more easily 
absorbed than others. 

The group of the starchy and saccharine substances (the carbo-hydrates), or 
of their allies or derivatives (dextrin, pectin), is equally 3weU characterised by 
chemical resemblances, inter sc, and differences from the other groups. The 
several dietetic starches, sugars, including lactin, cellulose (whose want of 
nutritive power is dependent on form and aggregation, and which requires 
fpr digestion a more elaborate apparatus than some animals possess), and the 
various derivatives of the starches, are all closely allied. There has been 
some doubt whether pectin should be classed chemically with the sugar and 
starch group, as the oxygen and hydrogen are not in the prc^ortions to form 
water, but this is perhaps no objection to its association in a dietetic classid- 
cation. 

The fourth class, consisting of the salts already noted and of water, needs 
no comment. 

The physiological evidence that these classes of aliments serve different 
purposes in nutrition is not so complete as that of their chemical differences. 

Few will doubt, I persume, that a broad distinction must be drawn between 
t]^e nitrogenous and ^on-nitrogenous substances. Late researches, which 
have much modified our opinion of the direction in which the potential eneigy 
of the dietetic principles may be m^fested (as heat, or electricity, or mechani- 
cal movement), and of the mode in which the nitrogenous substances in par- 
ticular, aid or restrain this transformation, do not, it appears to mo, impeach 
tffe proposition tliat the presence of nitrogen in an organised structure, and 
its participation in the action going on there, is a necessary condition for the 
manifestation of any force, or any chemical change. Whether, when energy is 
manifested, the nitrogenous framework of any nitrogenous structure is a mere 
stage on which other actors play, or whether it is used up and destroyed, or 
is, on the other hand, built up or renovated during action, is, as far as classi- 
fication of food is concerned, a matter of no consequence. 

The following considerations seem to prove the necessary participation of 
the nitrogenous structures in manifestations of energy. Every structure in 
the body in which any form of energy is manifested (heat, mechanical motion, 
chemical or electrical action, &c.) is nitrogenous. The nerves, the muscles, 
the gland ceUs, the floating cells in the various liquids, the semen and the 
ovarian cells, are. all nitrogenous. Even the noii-cellular liquids passing out 
into the ^alimentary canal at various points, which have so great an action in 
preparing the food in different ways, are not only nitrogenous, but the con- 
stancy of this implies the necessity of the nitrogen, in order that these actions 
shall be performed ; and the same constancy of the presence of nitrogen, 
when function is performed, is apparently traceable through the whole world. 
Surely such constancy proves necessity. Then, if the nitrogen be cut off 
from the body, the various functions languish. This does not occur at once, 
for every body contains a store of nitrogen, but it is at length inevitable. 
Again, if it is wished to increase the manifestation of the energies of the vari- 
ous organs, more nitrogen must be supplied. The experiments of Pettenkofer 
and Yoit show that the nitrogenous substances composing the textures of the 
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body detemine tbo absorption of oxygen.* The condensation of the oxygen 
from the atmosphere, its conversion into its active condition (ozone), and its 
application to oxidation, are according to their experiments entirely under the 
contrbl of the nitrogenous tissues (fixed and floating), and are apparently pro- 
portional to their size and vigour, t and ‘to changes occurring in thenu The 
absorption of oxygen does not determine the changes^in the tissues, but the 
changes in the tissues determine the absorption of oxygen. In other words, 
without the participation of the nitrogenous bodies, no oxidation and no 
manifestation of energy is possible. If I rightly interpret the experiments, 
they show that the absorption of oxygen by the lungs (blood-composition, and 
physical conditions of pressure, &c., remaining constant), is dependent on its 
disposal in the body, and that this disposal is in direct relation with the 
ab^lute and relative amount and action of the nitrogenous structures. 
Mechanical motion, electricity, or heat may be owing to oxidation of fat or 
of starch, or of nitrogenous substance ; but whatever be the final source, the 
direction is given by the nitrogenous structures. 

The next point is not quite so clear. Are the non-nitrogenous bodies, the 
fats and the starches, to be again broadly separated into two groups, which 
cannot replace each other ; or, are these nutritively convertible t It is now 
certain that fat arises from albuminates,]: so that the nitrogenous substance 
plays two parts — ^first^ of the organic framework, t.e., of the regulator of oxi- 
dation and of transformation of energy ; and second, it forms a non-nitrogenous 
substance which is oxidised and transformed. 

The experiments of Edward Smith, Fick and Wislicenus, Haughton, and 
others, on muscular action, prove that we must look for the main source of 
energy which is apparent during muscular action in the oxidation of nogi- 
nitrogenous substances, but no experiments have yet shown whether these are 
fatty or saccharine. It seems to be inferred that it is fat which is thus 
chiefly acted upon ; but this opinion is rather derived from a reference to the 
universal presence of fat when eneigy is manifested, to the known necessity 
of it in diet (for though the dog and the rat (Savory) can live on fat-free 
meat alone, man cannot do so),§ and from the large amount of energy its oxida- 
tion can produce, than from actual observation. If it were true, a broad dis- 
tinction would be at once drawn between fatty and starchy food, but it is not 
experimentally proved. If, on the other han^ it were certain that the starchy 
aliments formed fat in the human body as a rule, this would be a reason for 
drawing no distinction between the groups. Independent of the argument 
drawn from bees fed on sugar alone and forming wax, from the fattening of 
ducks and geese, and the older experiments on pigs, the later experiments of 
Lawes and Gill^rtll seem to clearly show that the fat stored up in fattened 
pigs cannot be derived from the fat given in the food, but must halve been 
pi^uced partly from nitrogenous substances, but chiefly from the carbo- 
hydrates. So also it seems now probable that the fat in milk is not derived 
at once from blood, but from changes of albumen in the lacteal gland-cells. 
There seems no reason why wo should not extend the inference to man. If 
so, a man could live in perfect health on a diet composed only of fat-free 


* Biologie, band ii. p. 457* See especially the summary of their opinion at 

.^^^When to a diet of meat, which causes a certain absorption of oxygen, fat or sugar is added, 
the absorption of oxygen lessens (Hanke, Phys. des Mens^en, 1868, p. 145) ; so that it is rela- 
tisf as well as absolute amount which comes into play. 

t Aeoordilig to Hennebey, 100 ^rts of dry albumen can yield 51*4 parts of fat. 

Banke could not maintain, himself in perfect nutrition on meat alone. PhysioL des 
Jieiwehen 1866, p. 149. 

' Ott'th^ Sources of the Fat in the Animal Body, Phil. Mag. Deo. 1866. 
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meat and starch, with salts and water, just as he can certainly live (though 
perhaps not in the highest health) on meat, fat, salts, and water. The car^- 
hydrates would then be proved to be able to replace fats. The experiment 
has not yet been perform^ to my knowledge, but it seems important it should 
ba 

Grouven’s expeiimcuts also suggest that in cattle the carbo-hydrates may 
split up in the alimentary canal into glycerine, lactic, and butyric acids, and 
carbonic acid and marsh gas. If this 1^ true, in the herbivora the starches 
would be merely another form of fat . 

An argument against the fats and carbo-hydrates being mutually replaceable 
under ordinary conditions in the diet of men is drawn from a consideration 
of the diets used by all nations. In no case in which it can be obtained is an 
admixture of starch, in some form, with fat omitted. Moreover, in all cases 
(except in those nations, like the Esquimaux, who are under particular con- 
ditions of food) wo find that the amount of fat taken is comparatively small 
as compared with that of starches. Why should this be, if the two groups 
serve virtually the same end ? Is it a matter of chance that nature has every- 
where mixed up fat and carbo-hydrates in those foods on which men thrive 
best, or is it this mixture which has aided in making men what they are t 
Analyse almost all the known diets in the world, which are not^ so to apeak, 
diets of necessity, and they consist (besides water and salts^ of nitrogenous 
substances, fat, and starches. If the two latter are convertible, why should 
we not find in some places diets of albuminates and fats only ; in others of 
albuminates and starches onlyl Why should there be this singular 
uniformity of combination 1 Why, also, should all nations so eagerly seek 
a^ter starches and sugars, even when fats are available, so that it seems almost 
an instinct to desire them 1 The fats when taken into the body enter like the 
albuminates into the structure of the tissues,* of which fat forms in probably 
all cas^ an essential part The carbo-hydrates, on the other han^ in the 
human body do not appear to be parts of the tissues, though they are 
contained in the fluids which bathe them, or are contained in them. The 
special direction which the chemical changes in the carbo-hydrates take in the 
body, seem also to point to special duties. Thus, the formation of lactic and 
other acids of the same class must arise from carbo-hydrates chiefly or solely. 
But the formation of these acid# is certainly most important in nutrition, for 
the various reaction of the fluids, which offer so striking a contrast 
(the alkalinity of the blood, the acidity of most mucous secretions, of the 
sweat, urine, &c.), must be chiefly owing to the action of lactic acid on the 
phosphates, or the chlorides, and to the ease with which it is oxidised and 
removed. If the direction of the changes which the carbo-hydrates undergo 
within the body is different from that of the fats, the products of these 
changes must be inferred to play dissimilar parts. 

Without pushing these arguments too far, and with the admission that the 
subject is very obscure, I think we are entitled to assert that the two groups of 
fats and carbohydrates are not so immediately and completely convertible as to 
permit us to place them together in a classification of dieta 

In the second question to which reference was made, viz., that of a nitrd- 
genous substance furnishing fat, or a carbo-hydrate, the case is simpler. The 

* The fate appear to pass iftto the body directly and after saponification, wliidi 
renders absorption easy. Ine soap is then, according to Radsiejewski's expeihnents ^Virchaw’s 
Archiv, band xliii. p. reconverted into fot. It nas been supposed that the ffvster part o 
the tissue fat ifat cells) is not derived in this way, but from the tissue albuininates ; but 
Hoftnann^s experiments and reasonings (Zeitscb. flir Riol., band viii, p. 153^) ao^m to show that . 
the ingested fats are stored up largely. . Clinical obserrationii certainly supjKnt this viliW. ^ 
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experimonts of Yoi^ and of Lawes and Gilbert, as well as other considerations, 
prove that the fat of tissues may be derived from nitrogenous substances, and 
there are reasons to believe that a glycogenpus substance may also be derived 
from albuminates.* It is also prolmble, though not proved, that these non- 
nitrogenous derivatives may be burnt up in the muscles and other parts, as 
Fick conjectures^ But this cannot allow us to consider an albuminate as an 
aliment which i£y replace fat or starch in the case of man. The digestive 
system of man is framed so differently from that of the carnivora, that fat 
must be taken in its ownjform, for it either Cj^ot be formed in sufficient 
quantity from albuminates, or the body is poisoned by the excess of nitrogen 
which is necessarily absorbed to supply it 

With regoid to the necessity of dl four classes of aliments, it can be 
affirmed with certainty, that (putting scurvy out of the question) men can live 
for some time and be healthy with diet of albuminates, fat, salts, and water. 
But special conditions of life, such as great exercise, or exposure to very low 
temperature, appear to be necessary, and under usual conditions of life health 
is not very perfectly maintained on such diet. It has not yet been shown 
that men can live in good health on albuminates, carbo-hydrates, salts, and 
water, &c., without fatf 

The exact effect produced by the deprivation of any one of these classes is 
not yet known. An excess of the albuminates causes a more inpid oxidation 
of fat (and in dogs an elimination of water), while an excess of fat lessens the 
absorption of oxygen, and hinders the metamorphosis of both fat and albu- 
minate tissues. The carbo-hydrates have the same effect when in excess, and 
appear to lessen the oxidation of the two other classes. 

It is now generally admitted that the success of Mr Banting’s treatment 
obesity is owing to tw6 actions : the increased oxidising effect on fat, conse- 
quent on the increase of meat (especially if exercise be combined), and the 
. lessened interference with the oxidation of fat consequent on the deprivation 
of the starches. w 

Health cannot be maintained on albuminates, salts, and water alone; but, 
on the other hand, it cannot be maintained without them. 

The salts and water are as essential as the nitrogenous substances. Lime, 
chiefly in the form of phosphate, is absent from no tissue ; and there is reason 
to think no cell growth can go on without if ; certainly in enlarging morbid 
growths and in rapidly growing cells it is in large amount 

When phosphate of ca,lcium was excluded from the diet, the bones of an 
adult goat were not found by H. Weiske to be poorer in lime,§ because pro- 
bably lime was drawn from other parts ; but the goat became weak and dull, 
so that nutrition was interfered with. ITie lowest forms of life (Bacteria and 
Fungi) will not grow without earthy phosphates. 

Magnesia is probably also an essential constituent of growth in some tissues. 
Potash and soda, in the forms of phosphates and chlorides, are equally im- 
portant, and would seem to be especially concerned in the molecular currents ; 
forming parts of almost all tissues, they are less fixed, so to speak, than the 
magnesian and lime salts. It is also now certain, that the two alkalies do 

* In addition to physiological evidence from experiments on animals, there are certain 
forms of diabetes which seem to prove that sugar must be formed either from albuminates ot 
fat, most probably the former. 

t Archfv. fUr ges. Phys. band v. p. 40. 

if In some expeHments 1 have maoe both with Liebig’s essence of meat and Hassall’s dried 
food with bread, 1 was very much struck with the had effect produced on the heal^ of the 
ezperimentators, and with the immediate relief given by the addition of butter and a larger 
^ iriptdy of starch, without augmentation in the amount of nitrogen. 

■ ^its. fiir BioL band; vii. p. 179. 
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not^place each other, and have a different distribution; and it is so far 
observable, that the potash seems to be the alkali for the formed tissues, such 
as the blo<^ cells or muscular fibre^* while the soda salts are more largely con- 
tained in the intercellular Quids which bathe or encircle the tissues. 

The chlorine and phosphoric acid have also very peculiar pioperties, — ^the 
former apparently being easily set free, and then giving a strong acid, 
which has a special action on albuminates, and the latter having remarkable 
combining proportions -with alkalies. Both are furnished in almost all food ; 
the sodium chloride also sep^tely. Carbonic add is both introduced and 
made in the system, and proMbly serves many uses. Iron is, of course, also 
essential for certain tissues or parts, especi^ly for the red-blood corpuscles, 
and for the colouring matter in muscle, and in small quantity is found almost 
in every tissue, and in every food. The sulphur and phosphorus of the tissues 
appear to enter especially as such with thd^albuminates. 

Some salts, especially those which form carbonates in the system, such as 
the lactates, taHrates, citrates, and acetates, give the alkalinity to the system 
which seems so necessary to the integrity of the molecular currents. The 
state of malnutrition, which in its highest degree we call scurvy, appears to 
follow inevitably on their absence ; and as they exist chiefly in fresh vege- 
tables, it is a well-known rule of dietetics to supply thede with great care 
though their nutritive power otherwise is small So important are those 
substances, that they might well be placed in a separate class, although Dr 
Pavy remarks that ^Hhese principles are hardly of sufficient importance, in 
an alimentary point of view, so called, for their consideration under a distinct 
head.” Surely, this is an under-estimate of their importance, considering the 
inivitable malnutrition that follows on their absence. 

In addition to the substances composing these four cWses, there are others 
which enter into many diets, and which have been termed accessory foods,” 
or by some writers force regulators ” (like the salts). The various condS- 
mgnts which give taste to food, or excite salivary or alimentary secretions, 
and tea, coffee, cocoa, alcohol, &c., furnish the chief substances of this class. 
Much discussion has taken place as to the exact action in nutrition of these 
.‘substances, but little is definitely known. They may possibly imdergo 
chemical action (oxidation or splitting), or, without doing so, may enter into 
combination witn gland cells or tissues, and modify the currents or molecular 
movements, and thus be entitled to the term of “force regulators,” but it is 
impossible at present to assign t6 thto their true’ action. 

' I have entered so far into this subject chiefly for the purpose of showing 
why I believe the old classification of aliments to be correct, and why, what- 
ever may be the future direction of physiology, it is not likely to be seriously 
affected. 

Admitting the necessity of a certain amount of each of the four classes for 
a perfect diet, it has now to be inquired what quantity of each class is neces- 
sary, and how the latent energy in each class may be best secured for the 
purposes of the body, 

Sub-Section L — Quantity op each Class op Pboximatb Aliment in a 
Good Diet pob Healthy Men, 

This has been determined partly by observation on a^ great number of 
dietaries, and partly by physiological experiments. The general result of the 
whole ore given in the following table 
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Standard diet * for a Male European Ad\ilt^ of average height (5 ft 6 in. to 
6/t 10 in.) and average imght = 140 lbs. av. (66 kilogrammes) to 160 
lbs. )72*7 Tcilogrammee)^ in m^erale work. ^ 


% 


Water-free Substances given Daily. 

Ounces Avoir. 

Grammes. 

Albuminous substances, .... 

4-587 

130 

Fatty substances, 

2“)64 

34 

Carbo-hydrates, 

14-257 


Salts, 

1-058 

80 

Total water-free food, . . 

22*866 

648 


Assuming the water-free food to be* 23 ounces, and a man’s weight to be 
150 B>, each B) weight of the body receives in 24 hours 0*15 ounces, or the 
whole body receives nearly part of iti^ own weight. 

This is the dry food, but a certain amount of water (between 60 and 60 
per cent, usually), is contained in it, and adding this to the water-free solids, 
the total daily amount of so-called dry food (exclusive of liquids) is about 40 
ounces. In addition to this, from 60 to 80 ounces of water are taken in some 
liquid form, making a total supply of water of 70 to 90 ounces, or on an 
average 0*6 ounces for each Bb weight of body. 

This average amount of food and water varies considerably, from the fol- 
lowing causes : — 

1. Individual conditions of size, vigour, activity of circulation, and of the 
eliminating organs, &c. No men eat exactly the same, and no single standard 
will meet all cases.* The usual average range in different male adults is f^pm 
34 to 46 ounces of so-called solid food, and from 50 to 80 ounces of water. 

2. Differences of exertion. If men are undergoing great exertion they ’ 
take more food, and, if they can obtain the increase is especially in the 
classes of albuminates and fat 


* I have copied this table from Moleschott. The numbers are Mnerally received, and are 
fairly accordant "^uth the observations of nuraerous other writers, rettenkofer and Voit give 
the following (Zeits. filr Biol, band ii. p. 523} as the calculation for soldiers : — 

Dry albuminous substances, 148 grammes — 5'22 ounces. 

Fat, 103 „ - 3 03 

Carbo-hydrates, . . 378 „ - 13-3 „ 

This (^ves rather more albuminates and fat and less starch than Moleschott’s table. Tn the 
experiments with two healthy men in their exiierimental-roora, the amount was, albuminates 
137 grammes ; fat, 117 gi’ammes ; and carbo-hydrates, 352 grammes daily. Ranke, however 
gives rather lower numbers— vin^ 100 gramme of albuminates, 100 of fat, and 240 of starch 
(Phys. des Mem. 1868 p. 158), for moderate work. 

+ This has been well exemplified in our convict prisons, in whidi, as a matter of convenience, 
soldiers are sometimes confined. The ordinary diet, which is sufficient for the convict, 'is in- 
sufficient for the soldier, and that for several reasons : 1. The convict is a smaller man on 

the average ; 2. The previous life of the convict is an irregular one, in which his food is 
generally insufficient, whereas the soldier's life is usually the op^^site, his food is fairly good 
and his meals regular. 3. The crimes for which the convict is imprisoned are crimes against 
society, and his renio#l to a prison cannot be considered mu^i^ a degradation morally, 
whereas his physical condition is really improved. On the oMipiand the soldier's crime is 
often one of a military character only, hence his removal to^lfprison is a moral degradation: 
especially if it be a convict prison. The result is, that, wnilst the minority of the civil 
prisoners retain their weight or even gain, the migority of soldier prisoners lose, ft is also found 
that age has an effect, the older men losing, the younjror generally gaining. Length of sentence 
has also an influence, partly on account of some difference qf diet and work, but probably 
chiefly on account of the system ultimately accommodating itself to tlie altered conditions. 
Thus the men who lose weight are, the heaviest originidly, the oldest, those with shortest 
sentences ; those who are stationary or gain weight are. the lightest originally, the youngest, 
those with longest saptences. ^ For the data, n^m which the above conclusions are drawn, 
1 am indebted to Suigeou-major J. G. Maraton, M.D. (F. dx C.} 
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Average Daily Water-free Diet required for an advU Man in very laiboriow 
Workf* or of a Soldier <m Service and in the. Field, 

Albuminates, 

Fats, . 

CJarbohydrates, 

Salts, 


Total water-free food, 

The amount of water is increased, but is very various according to circum- 
stances, and is not so much augmented apparently as the solid food. On 
the other hand, men in rest will usually eat less j at any rate, the weight and 
health of the l^dy can be maintained on less. 


Ounoes avoir. 

6 to 7 

3-6 to 4-6 

16 to 18 

1-2 to 1-6 


26-7 to 31-0 


a 


The Average Daily Diet of Men in Quietude. 


Albuminates, 

Fats, 

Carbo-hydrates, 

Bolts, 


Beat. 

2-5 

1 

. 12 

•6 


Snbsistenoe diet (Playfair)! 
i.e^ raflSclent for the inter- 
nal mechanical work of the 
body. 

2 

•5 

12 

•5 


Total water-free food, • 16’0 


160 


• The subsistence diet, though it will keep a man alive, will probably not 
prevent him from losing weight, and therefore is not really suflSicient. 

In conviet prisons. Dr Wilson tells us that the men on light labour receive 
224 grains of nitrogen and 4651 grains of carbon, and this is sufficient. 
Those on hard labour receive 255 grains of nititogen and 5289 grains of 
carbon, and on this diet they lose weight, and have to be continuously shifted 
from heavy to lighter work. In the case of military prisoners at hard labour 
even 282 grains of nitrogen and 5373 grains of carbon were insufficient to 
prevent men losing weight, J In India an improved diet was introduced by 
the late Surgeon-Genersd Beatson, in which the nitrogen was about 300 grains 
and the carbon about 53p0. This appears to have been sufficient to prevent 
loss of weight, although there was a deficiency of fat. 

3. Difierenccs of climate. It is a matter of general belief that more 
food is taken in cold seasons and in cold countries than in hot. It is sup- 
posed that more energy in some form (finally in that of heat) is necessary, 
and more food is required : but there may be other causes, such as varying 
exertion. 

In the case of any diet the articles of which are known, the amounts of the 
four classes of alimenjliary pimciples may be calculated a table of mean 
composition. The fp9||j^g toble is compiled from, in ihost cases, several 


* Playfair gives the-*diet of a prize-fighter in training as 9*8 oz. albuminates, 8*1 fats, pud 
8*27 starch and sugar. There were 690 grains of nitrogen, and 4866 grains of carbon. 

f The amount of two ounces of albuminates is that fixed by Playfair (Food of Man in rela- 
tion to his useful Work) as famishing by oaloulation the amount of force sufficient to carry on 
the internal work of the body. Although our views are now somewhat modified on tliis point. 
1 believe the numbers express pretty accurately the actual food which keep a man alive, 
t Becently changes have been introduced, but hardly for the batter, it is to be feai*e<L. 
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FOOD, 


TmalyBes by diffeient authors, those analyses being selected which seem best 
to represent the food of the soldien* 

Whenever practicable, the nutritive value should be calculated on the raw 
substance, as the analyses of cooked food are more variable. It must then 
be seen t^t no loss occurs in cooking. 

The mode of using the taWe is very simple ; the quantity of uncooked meat 
or bread being knoAvn, and it being assumed or proved that there is no loss in 
cooking, a rule-of-three brings out at once the proportions. Thus, the ration 


allowance of meat for soldiers being 12 oz., 2*4 oz. or 20 per cent is deducted 
for bone, as the soldier does not get the best pai^ The quantity of water 

in the remaining 9*6 ounces will be — ■ » 7*2, and the water-free solids 


will be 2*4 oimces. The albuminates will be 1*44 ounce; the fats, *8064; 
and the salts, *1536 ounce. 

In the case of salt beef or pork, it is not certain how the value should 
be calculated. The analysis by Girardinf gives for uncooked salt beef 
(American) — 


49*11 per cent of water, 


24-82 „ 

fibrin and cellular tissue, 

3-28 „ 

extractive matters. 

•70 „ 

albumen, 

•18 „ 

fat, 

21-07 „ 

soluble salts ; 


but the analysis of the bi;ine shows that much of the nutritious matters, 
organic and mineral (phosphoric acid, lactic acid, magnesia), have passed out 
of the meat t Liebig has reckoned the nutritive loss at one-third, or even 
one-half. It appears from Kuhne’s observations, that myosin is soluble in a 
10 per cent solution of chloride of sodium, and hence a large quantity of 
this substance necessarily passes into the brine. Analyses show, it is true, a 
large percentage of fibrin and cellular tissue, in salt meat^ but this is made 
up of indigestible nitrogenous substances, winch afford, probably, little real 
nutritive materinL Perhaps salt beef may be reckon^ as equal to two- 
thirds the quantity of fre^ beef; this estimate is certainly quite high 
enough. § 


* Of course such, tables are merely approximative ; but they are very useful as giving a 
general idea of a diet, although they are not accurate enough to be used in physiological 

+ Comptes Bendus, xli. 766. 

t Liebig found that the brine is saturated with the juice of meat, and Mr Whitelaw (Chemical 
A’ ew8, March 1864) has shown, that extract of meat may be obtained by dialysis from the brine 

§ In the accompanying table several articles have been added which are likely to come within 
the diet of soldiers or sailors, either on duty or in hospital, such as salt beef and pork, b^n 
white fish, poultry, cream, skimmed milk, and pemmican; ’ ' 

The Cooked Meat given in the^aUe may be taken as fairly representing thie soldieris ration 
meat, not counting bone. ^ . . . 

Among the ari;icle8 not induded in the table are i£me of the preserved meats recently intro- 
du^ particularly the Coinpreeeed Corned Beef, prepared by the Wilson Packing Gompany of 
Chicago,— which is^ikely to be used as a field ratic^ for our army, both during war and in 
manoeuvres in time of peace. It is excellent meat, #ery palatable and highly nutritious, beimr 
r^y cooked ^d m a very convenient form for carriage on the march. It is stated to be eaual 
to more thw double tiie quantity of uncooked meat, and this is fWly borne out by analv^. 
as it contoms ahont 60 per cent, of solid master, of whidi about 40 are albuminates 16 fat 
rad 6 salta nitrogen is over 6 cent Half a pound would fbnn on ample ration for 
the flel^ with the due proportion of bread or biscuit, Aa As it is merely corned, rad not 
salted hke ordinary salt meat, it is probable that its odnstiturabi may be allowed their fuU 
nutriUiii yalue* 



TABLE FOB OALOULATIKO DIETS. 


Table for CkiUuUxting DieU. 



Iv 100 Pabxs. 


Meat of best quality, with little fat, 
like beefSsteaKs, . * ‘ 

Uncooked meat of the kind supplied to 
soldiers, — ^beef and mutton. Bone 
constitutes Jtih of the soldiOt^ s allow- 
ance,* • 

Uncooked meat of fattened cattle. 
Calculated from Lawes* and Gilbert’s 
experiments. Theae numbers are to 
be used if the meat is very fat. 
Cooked meat, t roast, no dripping being 
lost Boiled assumed to be the 

sdme, 

Salt beef (Girardin), 

I „ pork (Girardin), 

I Fat pork (Letheby), .... 

I Dried bacon (Letheby), 
j White fish (Letheby), 

I Poultry (Letheby), .... 
Broad, white wheaten, of average 


Fata. 

Carbo- 

hydrateii. 

Salts. 

8*6 

- 

1*6 

8*4 


1*6 

19 

... 

3*7 

16*46 

• •• 

2*96 

0*2 


21*1 

7*0 

. * ■ 

22*8 

48*9 

t • • 

2*3 

73*3 

... 

2*9 

2*9 

• • • 

1*0 

8*8 

... 

1*2 

1*6 

49*2 

1*8 

2 

70*8 


1*3 

73*4 

1*7 

•8 

83*2 

0*6 

6*6 

68*0 

3 

6*7 1 

64*5§ 

1*4 

2 

63§ 

2*4 


Wheat flour, average quality, • . 16 11 2 70*8 1*7 

Biscuit, 8 16*6 1*8 73*4 1*7 

Rice, 10 6 • *8 83*2 0*6 

Oatmeal (Letheby),t ... 16 12i6 6*6 68*0 3 

Maize (Poggiale), .... 18*6 10 6*7 64*5§ 1*4 

Peas (dry)? ..... 16 22 2 68§ 2*4 

Potatoes, II ..... 74 1*6 *1 23*4 1 

Carrots (cellulose excluded), I1 , . 85 *6 *26 8*4 *7 

Cabbage,]! 91 *2 *6 6*8 *7 

A .q 01 varlaDle. 

Batter, » O , .... takenusa*? 

Jig? (10 percent must be deducttnl for ) ^3.5 ^3.5 jj.g " 1 

shell from the weight of the egg), . ) < 

Cheese, *..••• 86*8 33*5 24*3 ... 6*4 

Milk (sp. gr. 1030 and over), IT .86*7 4 3*7 6 *6 

„ sp.^. 1026), ... 1 90 3 2*6 8*9 *6 

Cmm (Letheby), .... 66 2*7 26*7 2*8 1*8 

Skimmed milk (Letheby), . . 88 4*0 1*8 6*4 0*8 

Sugar, . . • • • • 8 ... ... 96*6 *6 

Pemmican (de Chaumont)** . . 7*2 85*4 66*2 ... 1*8 

The precise amount of the mineral matters of the various articles can be 


• * The gelatine of the meat is leckoj^ed with the albuminates : it is not certain what deduction 
should be made on account of its lower nutritive value, which is about ^th that of albumen 
(Bischof). 

+ These numbers are taken from John P^anke’s analysis. 

i I We determined the nitrogen in good Scotch oatmeah and the results are almost identi- 
cal with Letheby’s. I have therefore omitted Von Bibra's analysis given in the 3d e<lition. 

§ '[j^ere is also some indigestible oelltdlise in maise, peas/ and carrots, which is not included 
in the table. 

U Professor Attfleld (Report of Committw on Scurvy, 1877, p. xlv. eise?.) gives rather different 
figures, reckoning the albuminates a gooaid^ higher, 

^ These numbers are probably rather htgh. 

** The sweet pemmican used in the Arctic Expedition of 1876-6 was similar to the above 
(the ordinary peWdean used in the same Expedition) with the addition of about 5 per cent, 
of cane sugar. In other cases, particularly m the American pemmican, raisins and currants 
are added? (See Report of Committee on Scurvy for analyses by Professor Frankland and 
Dr de Chaumont). A little pepper is added, not reckoned quantitatively in tlie above 
analysis, but probably included in the loi^^ the difference between the sum of the 
above constituents a^ 100. 
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calculated when necessary, from the analysis given under the head of each 
article* 

The proportion of the nitrCgenoua subatances to the fdfts and carbo-hydrates . 
are in die standard diet as follows 

Albuminates, ... 1 

JFat, . . . . . *6 nearly. 

Carbo-hydrates, • ^ • • 3 

This is ^ 1 of nitrogenous to 3*6 of nbn-nitrogenous ; but as is often done, 
if 1 part of fat be reckoned as equal to 2*4 parts of starch, the proportion 
will be 1 of dry nitrogenous to (*6 x 2*4) -f 3), 4J nearly of dry non-nitro- 
genous or carboniferous substances, taken as sta^h. 

Amount of Nitrogen and Carhm , — ^As the phenomena of nutrition are 
chiefly owing to the various chemical interchanges of nitrogen and carbon, 
and in some cases of hydrogen, with oxygen, it may be* desired to calculate 
the amount of nitrogen 'and carbon in any diet. This may be done in two ways. 

1. Calculate out the dry albuminates, fat, and carbo-hydrates in ounces, 
and then use the following table. 

Nitrogen and Carbon in gralna. NUrogen. Carbon. 

1 ounce of water-free albuminate, 69 233* 

1 ounce of water-free fat, . . ... 345*6 

1 ounce of water-free carbo-hydrate (except lactin), 194*2t 

If the diet be largely of milk, the amount of lactin (milk carbo-hydrate) 
must be determined^ 1 ounce of lactin contains 175 grains of carbon. 

2. In the following table, the calculation df these ingredients per ounce 
has been made ; the substance being supposed to be in its natural state, and 
to have the composition already assigned to it in the former table. • 


One ounce (=£ 437*6 grains) contains In its natural state 
* in grains. 


Water. Nitrogen. Carbon. 


Uncooked meat (beef), 
Uncooked fat meat (bmf), 
Cooked meat, 

Salt beef, .* 

„ pork, . • 

Fat pork, , , 

Dried Bacon, 

■White fish, .* .* 

.Poultry, .. 

Bread, . 

Wheat flour, 

Biscuit, . . 

Rice, ... 
Oatmeal, . . 

I Maize, 

Peas, . 

Potatoes, . . ; 

Carrots, 

Butter, 

: : : 

MUk,. . 

Cream, 

Skimmed MUk, . 

Sugar, 

Pemmiean, 



* After deducting the carbon of urea, the number is 208. 

These numbers are thus obtained : the Taiious dry albuminates contain from 15*4 to 1C*4 
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Some additions mii§t be made to this tabje. I found the steak used for 
the patients at BTetl^ to contain as much as grains of nitrogen per 

ounce,* and this number shbuld be used for the best hospital steaks and 
chops. Hospital bread contains only 3*6 grains of nitrogen' in each ounce of 
crumb, and 4-78 in each ounce of crustf 

The standard daily diet for an adult man, calculated mthis way, @ves — 

.i 

Nitrogen, , ... . 316’6 grains, # ^ 

Carbon, ..... 4862 „ 

Salts, t . . . . . 48L „ 

Not infrequently the standard is stated as 20 gramme of nitrogen, and 300 
grammes of carbon ; this is equal to 308*6 and 4629 grains. 

The usual range is from 250 to 350 grains of nitrogen for adult men, and 
the extreme range is from 2 to 7 oimces of dry albuminate, or from 138 grains 
of nitrogen (which is the smallest amount necessary for the inner movements 
of the body, and the bare maintenance of life, as calculated by Plcfyfair), 
to 483 or 500 grains, which is the amount taken under very great ex^ion. 
Edward Smithes careful observations on ill fed and fairly fed operative^ give 
a range of from 135 grains of nitrogen and 3271 grains of carbon (in London 
needlewomen) to 349 grains of nitrogen and 6195 grains of carbon (in Irish 
farm* labourers). Usually, However, in what are almost starvation diets, the 
nitrogen is 180 to 200 grains, and the carbon from 3900 to 4300 grains 
(Edward Smith’s investigation^ into the food in Lansashire during the cotton 
lamine). The carbon ranges in various diets, from 3600 to 5800 or 6000 
gragis. The amount of the salts (461) appears rather large ; it is difficult to 
test it by determining the salts in the excreta, as sd much sodium chloride 


pdr^cent. of nitrogen. I have selected 15.8 for the range for European diet, as it reprcsentiy the 
of syntonin ; there is. also 53*5 per cent, of carbon ; fat contains 79 per ccni^, starch 
. and'^igar 44*4 and lactin 40 per cent, of carbon. X have not taken into account any hydrogen 
in exeaiM .<>f. that fompng water with the oxygen of the food. If this be calculated from the 
fat it *^6 j^ve a mean m abont 48 flrains per ounce, in the albuminates about 8 '8 ; albuminates 
.also contain a^bout 8 grains of aulphur. 

* SomexllscUBsion has lately taken place with regard to the amount of nitrogen in meaVnearly 
free from fat. Voit has stat^ the mean amount at 3*4r per cent. Huppert (Zeitsch. fiir Bio- 
logie, baiidyif.'p 4 854) estimates it at 3*3. Petersen (Ibid. pw .l6^ makes the mean numbers 
8*29 per cent, in fat^free beef; .3*25 in pork ;‘816 in mutton; 8do in veal ; and 3*4 in horse. 
In beafsteak (fht-freo nearly) I found it to be 3*25. Huppert's nymbers s^m to be nearest the 
truth. . , 

It has been .stated ^y «To]dt and Nowak that combustion with soda-lime doea not give 
all the nitrogen in meat, and that pUmas* oxide of copper analysis must be used. But Petersen's 
careful trials (Zeitsch. mr Biolpgie, band vii. p. 166) do not confirm this ; and the r^ults of the 
two methods werQ extremely close, as the following experiments show : — 


t 

♦ Per ^nt. of Nitrogen. . 

Soda-lime burning. 

Oxide of Copper. 

Beef (shoulder). 

Beef (leg), . . 

3*35 8*36 

3*24 3*24 , 

3*41 3*86 

3*29 8*30 


• And as PreaeniuB found the oxide of copper gave slightly too high results (*2 to *5 per cent.), 
the difference should be still lessi In some later experiments, published by Seegen and Nowak 
(ZeHseh tUr die ges. Phys. band vii. p. 284), they found that the soda-lime always gave too 
little ^^o^n, the error (as coiyparea with the copper oxide) being as « mean about 1*5 per 
cent. Tiaroker (Archiv fiir dlc/ges. Phys. band viiL p. 196, 1878) has since given evidence 
opposed to these results, and considers the soda-lime determination as much nearer the truth 
than Seegen and Nowak assert. 

i* My recent analyses give considerably higher amounts. See Reports on Hygiene, Anny 
M«L Reports, vol» xviii. (F, de 0.) 
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and lime salts are lost thiougli the skin, and some of the excreted salts may 
also be mere surplusage. The salts seem to be made up of chlorine, 120 
grains ; phosphoric acid, 60 grains ; potash, 40 ; soda, 40 ; lime, about 4 gi^s 
by the urine,* and some by the bowels ; magnesia, 4*7 grains by the urine, 
and a considerable amount by the bowels ; and iron, the amount of which is 
quite uncertain. 

Actu^ experiment has, to a great extent^ confirmed the conclusions drawn 
from a study of those dietaries. Pettenkofer and Voit, in two healthy men, 
determined many times the amount of nitrogen during common exercise, and 
found it to he 19*82 grammes, or 305*8 grains. I have experimented on four 
healthy average men in common work, and found the amount which kept 
them in perfect health and uniform weight was 293 to 306 grains of nitrogen 
in twenty-four hours. All these determinations are near Moleschott’s numbers. 
The amount of carbon is, however, perhaps too large. In Eahke’s careful experi- 
ments in a state of rest, there were consumed by a than 160*6 Tb weight, 240 
grains of nitrogen, and 3531 grains of carbon ; as a rule, the later experiments 
show that the amount of carbon was put too high. A certain proportion 
between the carbon and nitrogen ought to be maintained ; in the best diets 
this is : Nitrogen^ to carbon 16.t 

Sub-Section IL — On the Energy Obtainable prom the various 
Articles op Food. 

The possAdIo amount of energy which can be intoilbsted in the body will 
be the result of two conditions ; first, the amoui^t of potential energy stored 
up in the food, which is, of course, easily determined and expressed in teijus 
of tinits of heat or of motion ; and second, the extent to which the 
processes in the body can liberate and apply this energy. For example, an 
ounce of albumen can give rise to a certain heating effect if it be burnt in 
oxygen ; but in the body thorough oxidation can never occur, for some (about 
one-third) of the constituents of the albumen pass out incompletely oxidised in 
the form of urea. An ounce of sugar, on the other hand, is as a general rule 
destroyed to the fullest extent, and ends in carbonic acid and water, and its 
actual energy in the body, under whatever form it appears, is equal to its 
theoretical energy. 

Tables have been given by chemists showing the amount of energy which 
may bfr manifested.’ The results have been obtained in some cases by calcu- 
lation, ^nd in others by direct experiment. In the following table I have 
selected *Dr Fraiikland’s experimental results as the most exact, but they agree 
very closely with the theoretical results, particularly with those given 
by Playfair and others. ^ Thus Playfair calculated that one ounce of dry 
amumen would give rise by oxidation to heat sufficient to raise 126*5 
kilogrammes of water 1® cent, or to lift 173 tons 1 foot high,§ while 
Franklond's experimental number is almost identical — ^viz., 168*68 tons, lifted 
afoot ^ • 

* I have followed Byasaon in this and in the amount of magnesia in the urine, as his experiments 
appear carefuUy done.— A’AciiwW drebrale etlaCompoaitioniies Urines, par le Dr H. Byassoii, 
Paris, 1868, p, 43. 

+ The Soldier's Ration, hy P. de Chaumont, Sanitary Record, Feb,. 5, 1876. 

± On the Food of Man in relation to his nsefhl Work. 1865. 

I For an explanation of this term, see the chapter on Exercise, 



(JiLCULATION OF DIETS — ^POTENTIAL ENEKGY. 19^^ 


Energy developed by One Grmme or 0ns Ounce of the following Suhstaneea 
when oxidised in the Body 


Name of Snbstance. 

Per cent, of 
Water. 

One fframme will eQual 
kildgrammetres of 
energy. 

One oonee will equal 
f oot^ons of energy, or. 
in other words, would 
raise the undergiven 
number of tons 1 foot 
high.* 

Beef (lean), 

70*5 

604 

56 

Veal (lean), 

70*9 

496 

45*3 

Ham (lean, boUed),* . 

54*4 

711 

64*9 

**Salt beef, 

49*1 

569 

52 

** „ pork, 

44*1 

751 

69 

**Fat pork, 

89 0 

2200 

201 

**Drica bacon, . 

16-0 

8195 

291 

••White fish, . 

78-0 

470 

43 

**Poultry, .... 

74*0 

556 

51 

Bread crumb, t . 

44 

910 

83 

Flour, .... 

... .. 

1627 

148*5 

Ground rice. 

... 

1591 

145*3 

Oatmeal, .... 

... 

1665 

152 

Pea meal, .... 

... 

1598 

146 

Potatoes, .... 

73 

422 ^ 

88*5 

Carrots 

86 

220 

20 

Cabbage, 

88*5 

178 

16*2 

Butter, , . . ^ . 

i •• 

- 3077 

280*9 

Egg (white of), . . J;, . 

86*3 

244 

22*3 * 

Eug (yolk), . . - 

^ 47 

1400 

H27 ' 

Cheshire cheese, . 

24 

1846 

168*6 

Arrowroot, . . . 

... 

1657 

161*3 


87 

266 

: 24*3 

♦*Cream 

66*0 

1045 

96 

**Skimmed milk^ 

88*0 

213 

19*6 

Sugar (lump), 

... 

1418 

129*6 

**Pemmican, 

7*2 

8000 • 

275 

Ale (Bass* bottled), 

88*4 

3*28 

80 

Porter (Guinness’ Stout), , 

88-4 

455 

41-5 


A table of this kind is useful in showing what can be obtained from our 
food, but it must not bo supposed that the value of food is in exact relation 
to the possible energy which it can furnish.. In order that the energy shall be 
obtained, the food must not only be digested and taken into the body pro- 
perly prepared, but its energy must be developed at the jdace and^in the 
manner proper for nutrition. The mere expression of potential enerw cannot 
fix dietetic value, which may be dependent on conditions in the body 
unknown to us. For example, it is quite certain, from observation, that 


* The first and. secsond, columns except those marked **, which are calculated from the 
analyses^ are taken from Dr Prankland’s paper in the Philos. Mag., Sept. 1866, p. 196. The 
third column is calcnlated from the sepona, oy multiplying by 28*35 (the number of grammes 
in an ounce avoirdupois), and then by *003^ to brin^ metre-kilo-grammes into foot-ton.s, 
or directly by 0‘091. The substances are not dried, but in their uatum state. 

One ounce of dry albuminate yi^elds. . . .174 foot-tons of potential energy. 

„ fat, . . . . 

„ „ starch, .... 

„ „ cane-sugar, . 

„ „ lactin or glucose, . 

One grain of carbon (converted into 00$), 

„ hydrogen (water). 


sulphur (SO.), 
phosphorus (PjO 


carbon (forming urea), . 
f The crust of bread is very nearly double the amount. 


878 
185 
129 
122 
0*701 
8*000 
0*205 
0*510 
0*198 
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gelatine cannot fully take the place of albumen, though its potential enei^ is 
Uttle inferior,* and it is easily oxidised in the body. But owing to some cir- 
cumstances, yet unknown, gelatine is chiefly destroyed in the blood (?) and 
gland cells, and its energy, therefore, has a different direction from that of 
albumen. So also of the potential energy, jit is quite po^ible that all is not 
usefully employed. The tables of energy give brt)ad indications, and can be 
used in a general statement of the value of a diet ; but at present they do not 
throw light on the intricacies of nutrition. 

Sub-Sbction m — O n the Eblativb Value op Food op the same Class. 

The chemical composition of animal and vegetable albuminates is very 
similar, and they manifestly serve equal purposes in the body. The meat- 
eater, and the man who lives on com, or peas and rice, are equally well 
nourished. But it has been supposed that either the kind or the rapidity of 
nutrition is different, and that the man who feeds on meat, or the carnivorous 
animal, will be more active, and more able to exert a sudden violent effort, 
than the vegetarian, or the herbivorous animal, whose food has an equal po- 
tential energy, but which is supposed to be less easily evolved. The evidence 
in favour of this view seems to me very imperfect The rapid movements of 
the carnivora have been contrasted with the slow, dull action of domestic 
cattle j but, not to speak of the horse, whoever has seen the lightning move- 
ments of the wild antelope or cow, or even of the wild pig, who is herbivorous 
in many cases, can doubt that vegetable feeders can exert a movement even 
more rapid and more enduring thsm the tiger or the wolf ? And the evidence 
in men is thOiSame ; In India, the ill-fed people, on rice and a little millettor 
pea, may indeed show loss power ; but take the well-fed coiji-eater, or even 
the well-fed rice and pea-eater, and he will show, when in training, 
no inferiority to the meat-eaters. An argument has been drawn from the 
complicated alimentary canal of the herbivora, but probably this is chiefly in- 
tended to digest the cellulose, and the digestion and absorption of 
albuminates may be as rapid as in other animals. 

It appears from Dr Beaumont’s experiments that animal food is digested 
sooner than farinaceous, and possibly meat might therefore replace more 
quickly the wasted nitrogenous tissue than broad or peas ; and it may be true, 
as asserted, that the change of tissue is more quick in meat-eaters, who 
require, therefore, more frequent supplies of food. Even this, however, seems 
to me not yet thoroughly proved. 

It has been also suppos^ that there is a difference in the nutrition of even 
such nearly-allied substances 8is wheat and barley, but the evidence is imper- 
fect, and is j)orhaps dependent on differences in ease of digestion. 

With respect to the fats, their differences of nutrition are probably 
dependent entirely on facility of digestion and absorption. The animal fats 
appear easier of absorption than the vegetable. Berth^t found that in addi- 
tion to the fat in his ordinary diet, he could absorb 30 grammes, or 1*059 
ounces of cod-liver oil, butter, or other animal oil ; in some instances If 
ounces were absorbed. Of vegetable oils only 20 grammes, or 0*7 ounces, 
were absorbed. When, in experiments with cod-liver oil, 40 grammes were 
taken, 31*5 were absorbed, 8*5 passed by the bowels; when 60 grammes were 


* One namrae of dry isinglass will develop 4520 heat-nnits when burnt in oxygen ; one 
gnnxme of dry boiled ham, 4848 ; one gramme of dry beef, 5818 heat-nnits. (Fronkland, op. 
eii. p. 196.) The potential energy of isinglass is more than that of ham, but its nutritive 
power is far inferior. 

' t Ludwig’s Phys, hand ii. p. 668. 
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taken, 48 were absorbed and 12 passed. But when he took 60 grammes 
dady, the amount of fat in the fseces gradually increased, until 50 grammes 
daily passed oflp in that way/ In the dog, however, Bischoff and Voit found 
that 250 and 300 grammes (8*8 and 10*5 ounces) of butter were easily 
absorbed. During the digestion of the fats^ they are, probably, in port 
decomposed ; and the fatty acids, like the acids derived from the starch, must, 
to a certain extent, antagonise the introduction of alkali in the food. 

The various carbo-hydrates are generally supposed to be of equal value. 
Starch requires a little more preparation by the digestive fluids than grape 
sugar, into which it appears first to pass ; but the change is so rapid that it 
can hardly be made a point of difference between them. It is observable, 
however, that even when sugar is very cheap and accessible, it is not used to 
entirely replace starch ; but this, perhaps, may be a matter of taste. 

StTB-SsoTioN IV.— The Digestibility op Food. 

In order that food shall be digested and absorbed, two conditions are 
necessary ; the food must be in a fit state to be digested, and it must meet in 
the alimentary canal with the chemical and physical conditions which 
can digest and absorb it. 

Fitness for digestibility depends partly on the original nature of the sub- 
stance, as to hardness and cohesion, or chemical nature, and partly on the 
manner in which it can be altered by cooking. Tables of degree of digesti- 
bility have been formed by several writers, and especially by Dr Beaumont, 
by direct experiment on Alexis St Martin ; but it must be remembered that 
th^e are merely approximative, as it is so difiicult to keep the conditions of 
cooking eqiiaL^ 

Eice, tripe, whipped eggs, sago, tapioca, barley, boiled milk, raw eggs, lamb, 
parsnips, ^roasted and baked potatoes, and fricasseed .chicken, are the most 
easily digested substances in the order here given, — the rice disappearing from 
the stomach in one hour, and the fricasseed chicken in 2| hours. Beef, pork, 
mutton, oysters, butter, bread, veal, boiled and roasted fowls, are rather less 
digestible, — ^roast beef disappearing from the stomach in three hours, and roast 
fowl in four hours. Salt beef and pork disappeared in hours.! 

As a rule, Beaumont found animal food digested sooner than farinaceous, 
and in proportion to its minuteness of division and tenderness of fibre. 

The admixture of the different classes of food aids digestibility ; thus fat 
taken with meat aids the digestion of the meat ; some of the accessory foods 
probably increase the outpour of saliva, gastric or enteric juice, <kc. 

The degree of fineness and division of food ; the amount of solidity and of 
trituration which should be left to the teeth, in order that the fluids of the 
mouth and salivary glands may flow out in due proportion ; the bulk of the 
food which should ^ taken at once, are points seemingly slight, but of real 
importance.. There is another matter wUch appears to affect digestibility, 
viz., variety of food. 

According to the, best writers on diet, it is not enough to give the proxi- 
mate dietetic substances in proper amount. Variety must be introduced iirto 
the food, and different substances of the same class must be alternately 
employed. It may appear singular that this should be necessary; and 


* The preparation of food by cooking is so important a matter, that the art of cookery ou|^t 
not to be considered as merely the domain of the gourmand. Healtli is greatly influenced by 
it, and it is reaUy a subject to be practically studied by chemists and physiologists, 
f An extended table is given in Cox’s excellent edition of Combe’s Physiology of Digestion 

p. 128. 
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certaiiily many men, and most animals, have perfect health on a veiy unir 
form diet Yet, there appears no doubt of 1;he good effect of variety, and its 
action is probably on primary digestion. Sameness days ; and with variety, 
more food is taken, and a larger amount of nutriment is introduced. It is 
impossible, with rations, to introduce any great variety of food; but the 
same object appears to be secured by having a variety of cooking. In the 
case of children, esp^iaUy, a great improvement in health takes place when 
variety of cooldng is introduced ; and by this plan (among others), Dr 
Balfour succeeded in marvellously improving the health of the boys in the 
Duke of York’s School. 

The internal conditions of abundance and proper composition of the 
alimentary fluids, and the action of the muscular fibres in moving the food, 
so that it shall be submitted to them, depend on the perfection of the nervous 
currents, the vigour of circulation, and the composition of the blood. Many 
of the digestive diseases the physician has to treat depend on alterations in 
these conditions, so that the food is only imperfectly digested. Kecent ex- 
periments, by P16sz, Maly, and Gyergyai, seem to show the value of converting 
the albuminates into peptones by artificial digestion, so as to aid the diges- 
tion of the sick.* 

SECTION ni 

DISEASES CONNECTED WITH FOOD. 

So great is the inBuence of food on health, that some writers have 
reduced hygiene almost to a branch of dietetics. Happiness, as well as 
health, is considered to be insured or imperilled by a good or improper diet, 
and high moral considerations are supposed to be involved in the due per- 
formance of digestion. If there is some exaggeration in this, there is much 
truth ; and doubtless, of all the agencies which affect nutrition, this is the 
most important. 

The (hseases connected with food form, probably, the most numerous 
order which proceeds from a single class of causes ; and so important are 
they, that a review of them is equivalent to a discussion on diseases of 
nutrition generally. 

It is of course impossible to do more here than outline so large a topic. 

Diseases imiy be produced by alterations (excess or deficiency) in quantity ; 
by imperfect conditions of digestibility, and by special characters of quality. 

Sub-Sbotion L — ^Alterations in Quantity. 

1. Excess of Food , — In some cases, food is taken in such excess, that it is 
not absorbed ; it then undergoes chemical changes in the alimentary canal, 
and at last putrefies; quantities of gas (carbonic acid, and carburetted and 
sulphuretted hydrogen) are formed. Ab much as 30 B> of a half-putrid mass 
Imve been got rid of by purgatives, f Dyspepsia, constipation, and irrita- 
tion, causing diarrhoea, which does not always empty the bowels, are pro- 
duced. Sometimes some of the putrid substances are absorbed, as there are 
signs of evident poisoning of the blood, a febrile condition, torpor and heavi- 

* Ueber Peptona fiir die Ges. Phy«. band ix. p. 823. 

^ t A go<^ case of this kind is wcorded by Routh (Fsecal Fomentation, p. 19). Some convicts 
in Austin r^^ved froin 7J to 7J lb of food daily. Obstinate constipation, dyspepsia, 
diaiThc^ skin diMHses, and ophthalmia were produced. Purgatives brought away large Quan- 
tities of*iialf-patnd masses, o 'i 
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ness, fietor of the breath, and sometimes possibly even jaundice. It was, no 
doubt, cases of this kind which^led to the routine practice of giving purge- ' 
tives ; and as this condition, in a moderate degree, is not uncommon, the use 
of purgatives will probably never be discontinued. . 

The excess of food may be absorbed. The amoipit of absorption of the 
difterent alimentary principles is not precisely known. Dogs can digest an 
immense quantity of meat, ^d especiedly if they are fed often ; and not 
simply lar^ly, once or twice a-day. In men, also, much meat and albumin- 
ous matter can be digested,* though it is by no means uncommon,' in large 
meat-eaters, to find much muscular fibre in the faeces. Still, enough can he 
taken, not merely to give a large excess of nitrogen, but even to supply 
carbon in sufficient quantity for the wants of the system. 

There is certainly a limit to the digestion of starch (though sugar, how- 
ever, is absorbed in large amount), as after very large meal much starch 
passes unaltered. This is also the case with fat ; and H lai'ge quantities are 
given, much passes by the bowels. But in all cases, habit probably much 
affects the degree of digestive power; and the continued use of certaiu 
articles of diet leads to an increased formation of the fluids which digest 
them. 

When excess of albuminates continually passes into the system, congestions 
and enlargements of the liver, and probably other organs, and a general state 
of plethora, are produced. If exercise is not taken at the same time, there is 
a disproportion between the absorbed oxygen and the absorbed albuminates, 
which must lead to imperfect oxidation, and therefore to retention in the 
body of some substances, or to irritation of the eliminating organs by the 
passage through them of products less highly elaborated than those they are 
adapted to remove. 

Although not completely proved, it is highly probable that gouty affec- 
tions arise partly in this way, partly probably from the use of liquids which 
delay metamorphosis, and therefore lead to the same result as increased 
ingestion, and in some degree also from the use of indigestible ai’ticles of food. 

Very often large meat-eaters are not gouty, and do not appear in any way 
over-fed. In this case either a great amount of exercise is taken, or, as is 
often the case in these persons, the meat is not absorbed, owing frequently 
to imperfect mastication. 

A great excess of albuminates, without other food, produces, in a short 
time (five days — Hammond) marked febrile symptoms, malaise, and 
diarrhoea ; and if persevered in, albumen appears in the urine. Ranke has 
attributed the depression especially to the eftect of the salts of the meat. 

Excess of starches and of fats delays the metamorphosis of the nitrogenous 
tissues and produces excess of fat. Sometimes acidity and flatulence are 
caused by the use of much starch. It is not understood if profounder diseases 
follow the excessive use of starches unless decided corpulence is produced, 
when the ipuscular fibres of the heart and of many voluntary muscles lessen 
in size, and the consequences of enfeebled heart’s action are produced. 
When an excesrive quantity of starch is used to replace albuminates, in 
physiological experiments, the condition becomes of course a complex one. 

If an excess of starch taken under any circumstances, much passes into 
the faeces, and the urine often becomes saccharine. 

There may be also excess of food in a given time ; that is, meals too fre- 
quently repeated, though the absolute quantity in twenty-foim Hours may not 
be too great. 

* Jones's and especially Hammond's experiments, Experimentfd Besearches, 1857, ^ 2(1. 
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2. Deficiency of Food , — The long catalogue of eflfects produced by famine 
is but too well known, and it is unnecessary to repeat it here. But the 
eftects produced by deficiency in any one of the four great classes of aliments, 
the other classes, being in normal amount, have not yet been perfectly 
studied. 

The complete deprivation of albuminates, without lessening of the other 
classes, produces marked effects only after some days. In a strong Tnan kept 
only on fat and starch, I found full vigour preserved for five days ; in a man 
in whom I reduced the amount of nitrogen one-half, full vigour was retained 
for seven days. If the abstention be prolonged, however, there is eventually 
great loss of muscular strength, often mental debility, some feverish and 
dyspeptic symptoms. Then follow ansemia and great prostration. The 
elimination of nitrogen in the form of urea greatly lessens, though it never 
ceases, while the uric acid diminishes in a less degree. If starch be largely 
supplied, the weight of the body does not lessen for seven or eight days 
(Hammond). 

^ If the deprivation of albuminates be less complete (70 to 100 grains of 
nitrogen being given daily), the body gradually lessens in activity, and passes 
into more or less of an adynamic condition, which predisposes to the attacks 
of all the specific diseases (especially of malarious affections and typhus), and 
of pneumonia, and modifies the course of some of these diseases, as, for in- 
stance, of typhoid, which runs its course with less elevation of temperature 
than usual, and with loss or with no excess of ureal excretion. 

The deprivation of starches can be borne for a long time if fat be given, 
but if both fat and starch are excluded, though albuminates be supplied, ill- 
ness is produced in a few daya Nor is it difficult to explain this : as albumtn 
contains 63*6 per cent, of carbon and 16*5 per cent, of nitrogen, to supply 
3500 grains of carbon no less than 1014 grains of nitrogen must be intro- 
duced, a quantity three times as great as the system can easily assimilate, 
unless enormous exertion be taken, and then the quantity of carbon becomes 
insufficient. 

Men can be fed on meat for a long time, as a good deal of fat is then 
introduced, and if the meat be fresh (and raw?), scurvy is not readily 
induced. 

Tlie deprivation of fat does not appear to be well borne, even if starches 
be given; but the exact effects are not, I believe, known. The great 
remedial effects produced by giving fat in many of the diseases of obscure 
malnutrition, prove that the partial deprivation of fat is both more common 
and more serious than is supposed.* The deprivation of the salts is also 
evidently attended with marked results which are worthy of more attention 
than they have yet received. 

Bad effects are also produced if the intervals between meals are too long ; 
this is a matter in which there is great individual difference, and need not be 
further referred to. 

Sub-Skction IL — Conditions of Digestibility and Assimilation. 

A gmat number of diseases are produced, not by alterations in quantity 
or by imperfections in quality of the raw food, but by conditions of indigesti- 
bility, either dependent on physical or chemical conditions of the food itself, 
or of the digestive fluids. To some persons certain foods are indigestible at 


* In all the diets ordered for soldiers, prisoners, &c., the fat is greatly deficient in every 
eountry. » o ^ 
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all times, or at jparticular times. Indigestibility leads to retention, and then 
to the results of retention, viz., chemical changes and putrefaction going on 
in the stomach and bowels under the influence of warmth, moisture, and air. 
Then irritation is produced, and dyspepsia, diarrhoea, or dysentery, are 
caused. 

IndigestibUity extends, however, farther than this. There is some reason 
for thinking that the albuminates sometimes pass into the circulation less 
properly prepared than usual to undergo the action of the liver, and that they 
therefore produce irritation of that organ, and passing into the blood in some 
unassimilable state, produce irritation of the skin or kidneys. Sometimes, 
indeed, albumen appears in the urine, as if it had circulated like a foreign 
body in the blood. Such conditions are usually allied to some evident error 
in primary digestion, but occasionally are not obviously accompanied by any 
gastric disorder. Whether there is any similar imperfection in tiie digestion 
of starch or fat is not at present known. 

■s 

Sub-Section IIL — Conditions op Quality. 

Altered quality of what is otherwise good food produces a great number 
of diseases. Most of these are referred to under the headings of the different 
articles of food, and the subject is merely introduced here to complete the 
general sketch of the production of disease from food. 

In inquiring, then, into the effect of food, the following appears to be the 
best order of procedure : — 

1. Is the food excessive or deficient in quantity as a whole or in any of 

the primary classes of aliments 1 

2. Are the different articles digestible and assimilable, or, from some 

cause inherent in the food or proper to the individual, is there 
difiiculty in primary digestion or want of proper assimilation ? 

3. Is the qu^ty of the food altered cither befote or after cooking 1 
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QUAlrrY, CHOICE, AND COOKING OF FOOD, AND DISEASES 
ATTEIBUTABLE TO IMPEOPEE QUALITY. 

SECTION L 
MEAT. 

The advantages of meat as a diet txre — ^its large amount of nitrogenous sub- 
stance, the union of this with much fat, the presence of important salts (viz., 
chloride of potassium, phosphate, and carbonate of potassium, or a salt form- 
ing carbonate in incineration), and iron. It is also easily cooked, and is very 
digestible; it is probably more easily assimilated than any vegetable, and 
there is a much more rapid metamorphosis of tissue in carnivorous animals than 
in vegetable feeders. Whether the use of large quantities of meat increases 
the bodily strength or the mental faculties more than other kinds of nitroge- 
nous food is uncertain. The groat disadvantage of meat is the want of starch. 

The composition of fresh and salt meat has been already given (pages 1^5 
and 196) ; but the annexed table wiU supply further details : — 

Compodtiom of Fresh Beef {Moleschott — Mean of all the Continewtal 

Analyses,) 


Water, 73*4 

Soluble albumen and haematin, . . . . 2*26 

Insoluble albuminous substances, . . . . 15*2 

Gelatinous substances, 3*3 

Fat,* 2*87 

Extractive matters, 1 *38 

Kreatin, 0*068 

Ash, ......... 1*6 


It is worthy of remai'k, that Stolzel f found 89 per cent, of carbonic acid 
in 100 of ash, which indicates probably lactic aci<L Are the anti-scorbutic 
properties of fresh and raw (?) meat connected with this acid an(J is 
it destroyed by cooking ? More than one-third of the ash is composed of phos- 
phoric acid. It is alkaline. 

Beef, mutton, and pork form the chief meats eaten by the soldier. 

In time of peace he only receives as fresh meat, beef, and mutton, and more 
seldom pork ; in time of war he has salt beef and salt pork.^ The meat is 


* The amount of fat in this analysis is certaiuly too low. 

+ Liebig's Annalen, band Ixxvii. p. 26S. 

X Professor Morgan of Dublin proposes the foUowing plan of saltii^, which in certiun cases 
might be usefally employed :—lmm^ately after death he opens the t&nur, inserts a pipe into 
^e left ventricle, and c(»nnects the pipe, by an india-rubber tube, with a tank of brine plac^ 
at a few feet elevation, and injects the vessel. After the blood has been driven out through 
the right auricle, the exit is closed, and the pressure forces the brine into the smallest ramiti- 
catisns of the vessels. The process is finished in ten to twenty minutes ; the meat is then out 
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supplied by contractors, or is, at some stations, furnished by the commissariat, 
who have their own slaughter-houses. 

The medical officer may be called on to see the animals during life, or to 
exandne the meat. 

Sub-Sbotion L — ^Inspbotion op Animals. 

AniTTiRlfl should be inspected twenty-four hours before being killed.* In 
this country killing is done twenty-four or forty-eight hours before the meat 
is issued ; in the tropics only ten or twelve hours previously. 

ATiiniRlfl should be well grown, well nourished, and neither too young nor 
too old. The flesh of young animals is loss rich in salts, fat, and syntonin, 
and also loses much weight (40 to 70 per cent.) in cooking. 

Weight, — ^An ox should weigh not less than 600 ]fc, and will range from 
this to 1200 Jb, The French rules fix the minimum at 260 kilogrammes 
( = 560 av.) The mean weight in France is 350 kilogrammes ( = 770 & av.) 
A cow may weigh a few pounds less ; a good fat cow will weigh from 700 to 
740 lb. A heifer should weigh 350 to 400 fl>. The French rules fix the 
minimum of the cow's weight at 160 kilogrammes ( = 352 fl>). The mean 
weight of cows in France is 230 kilogrammes ( = 606 &). 

There are several methods of determining the weight ; the one most com- 
monly used in this country is to measure the length of the trunk from j ust in 
front of the scapulae to the root of the tail, and the girth or circumference just be- 
hind the scapuhe ,• then multiply the square of girth by 0-08, and the product 
by the length, the dimensions in cubic feet are obtained ; each cubic foot is sup- 
posed to weigh 42 Bb avoirdupois. The formula is (C^ x *08) x L x 42. An 
o:^r cow gives about 60 per cent, of meat, exclusive of the head, feet, liver, 
lungs, and spleen, &c.t 

A full-grown sheep will weigh from 60 to 90 B!>, but the difference in dif- 
ferent breeds is very great. It also yields about 60 per cent, of available food. 

A full-grown pig weighs from 100 to 180 B> or more, and yields about 75 
to 80 per cent, of available food. 

Age, — The age of the ox and cow should be from three to eight years ; { 
the age is told chiefly by the teeth, and less perfectly by the horns. The 
temporary teeth are in part through at birth, and all the incisors are through 
in twenty days ; the tot, second, and third pairs of temporary molars are 
throiigh in thirty days ; the teeth are grown large enough to touch each other 
by the sixth month ; they gradually wear and fall in eighteen months ; the 
fourth permanent molars are through at the fourth month ; the fifth at the 
fifteenth; the sixth at two years. The temporary teeth begin to fall at 
twenty-one months, and are entirely replaced by the thirty-ninth to the forty- 
fifth month ; the order being — central pair of incisors gone at twenty-one 
months ; second pair of incisors at twenty-seven months ; tot and second 
temporary molars at thirty months ; third temporary molars at thirty months 

up, dried, if ueceseaiy, in a hot air chamber, and packed in charcoal. The injected fluid is com- 
po^ of 1 gallon of brine to the cwt, ;{ to i !b of nitre, 2 lb of sugar, a little spice, salt, and 
J oz. of phosphoric acid, which herves more completely to retain the albumen, and also adds a 
little phosphoric acid, llie brine con be used hot. This is an excellent plan, but the meat is 
too Slllt. 

* Every contract should have a clause givi^ officers the power of inspection. 

t The animal is divided into carcass and ofial ; the former includes the whole of the skeleton 
(except the head and fee^ with the muscles, membranes, vessels, and fat, and the kidneys and 
fat surrounding them. Ihe ol&l includes the head, fbet, akin, and all internal organs, except 
the kidneys. 

t Dr Pavy gives four years for the highest perfection of ox beef, on the authority of an 
w intelligent and experienced grazier.” _ 
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to years ; third and fourth temporary incisors at thirty-three months to 
three The development is quite complete at from five to six years. At 

that tune the border of the incisors has b^n worn away a little below the 
level of the grinders. At six years the first grinders are beginning to wear, 
and are on a level with the incisors. At eight years the wear of the first 
grinders is very apparent. At ten or eleven years the used surfaces of the teeth 
begin to bear a square mark surrounded with a white line ; and this is pro- 
nounced on all the teeth by the twelfth year ; between the twelfth and four- 
teenth year this mark tak^ a round form. 

The rings on the horns are less useful as guides. At ten or twelve months 
the first ring appears ; at twenty months to two years the second ; at thirty 
to thirty-six.^ months the third ring ; at forty to forty-six months the fourth 
ring ; at fifty-four to sixty months the fifth ring, and so on. But at the fifth 
year, the three first rings are indistinguishable, and at the eighth year all the 
rings. Besides, the defers file the horns. 

In the sheep, the temporary teeth begin to appear in the first week, and 
fill the mouth at three months; they are gradually worn and f^ about 
fifteen or eighteen months. The fou^h permanent grinders appear at three 
months, and the fifth pair at twenty to twenty-seven months, A common 
rule is “ two broad teeth every year. ” The wear of the teeth begins to be 
marked about six years. 

The age of the pig is known up to three years by the teeth ; after that there 
is no certainty, The temporary teeth are complete in three or four months ; 
about the sixth month, the premolars, between the tusks and the first pair of 
molars, appear ; in six or ten months the tusks and posterior incisors aie 
replac^; in twelve months to two years the other incisors; the four per- 
manent molars appear at six months ; the fifth pair at ten months ; ondr^he 
sixth and last molars at eighteen months. 

Cofidition and Health. — There ought to be a projKjr amount of fat, which 
is best felt on the false ribs and the tuberosities of the, ischium, and the line 
of the belly from the sternum to the pelvis ; the flesh should be tolerably 
firm and elastic ; the skin should be supple. 

As showing health, we should look to : the general ease of movements, the 
quick bright eye, the nasal mucous membrane red, moist, and healthy-looking ; 
the tongue not hanging ; the respiration regular, easy ; the expired air without 
odour ; the circulation tranquil ; the excreta natural in appearance. 

When sick, the coat is rough or standing ; the nostrils ^y or covered with 
foam ; the eyes heavy ; the tongue protruded ; the respiration difficult ; move- 
ments slow and difficult ; there may be diarrhoea ; or scanty or bloody urine, 
&c. In the cow the teats are hot. 

The diseases of cattle which the medical officer should watch for are — 

1. Epidemic Pleuro-pneumonia (or lung disease). — Not easily recognised 

at first, but with marked lung symptoxus edter a few days. 

2. Foot and Mouth Disease (murrain, aphtha, or eczema epizootica). — 

At once recognised by the examination of the mouth, feet, and teats. 

3. Cattle Hague (typhus contagiosus. Steppe disease, Einderpeat).-— 

Recognised by the early prostration (h^ging of head, draping of 
ears), shivering, running from eyes, nose, and mouth, peculiar con- 
dition of tongue and Bps, cessation of rumination, and then by 
abdominal pain, scouring, &a 

4. : Anthrax (malignant pustule, carbuncular fever). — If boils and caiv 

bundles form, they are at once recognised ; if there is erysipelas, it 
is called black-quarter, quarter-ill, or blackleg (erysipelas carbun- 
culosum), and is easily seen. 
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5. Simple injkmmatory qffedu^na of the lungs, bronchitis, ai^ smiple 

pneumonia. All have obvious symptoms. 

6. Dropsical affections from kidney or heart disease. 

7. Indigestion^ often combined with apoplectic symptoms. 

A great number of other diseases attack cattle, which it is not necessary to 
enumerate. All the above are tolerably easily recognised. The presence of 
Tcenia mediocandlata cannot, to my knowledge, be detected before death. 

The diseases of sheep are simihir to those of cattle ; they suffer, also in 
certain cases from splenic apoplexy or “braxy,” which is considered by 
Professor Gamgee to 1^ a kind of anthrax, and is said to kill 50 per cent, of 
all young sheep that die in Scotland ; the animals have a peculiar look, 
staggering gait, blood-shot eyes, "rapid breathing, fulf and fr^uent pulse, 
scanty secretions, and great heat of the body.'^ 

The smallpox in sheep (variola ovina, clavdee of the French), is easily 
known by the flea-bitten appearance of the skin in the early stage, and by the 
rapid appearance of nodules or papulae and vesicles. 

The sheep is also subject to black-quarter (Erysipelas carbunculosum) ; one 
limb is affected ; and the limp of the animal, the fever, and the rapid swell- 
ing of the limb, are sufficient diagnostic marks. 

The sheep, of course, may suffer from acute lung affection, scouring, red 
water (haematuria), and many other diseases. Of the chronic lung aflections, 
one of the most important is the so-called phthisis,” which is produced by 
the ova of the Strongylus filaria. This entozoonhas not, I believe, been yet 
found in the muscles, and the meat is said to he good. The rot in sKeep 
.(fluke disease) is caused by the presence of the Distoma Iiepaticum in large 
nugfl^ers in the liver, and sometimes by other parasites. The principal 
symptoms are dulness, sluggishness, followed by rapid wasting and pallor of 
the mucous membrane, diarrhoea, yellowness of the eyes, falling of the hair, 
and dropsical swellings. The animal is supposed to take in the Cercaria 
(the embryotic stage of the distoma) from the herbage. The so-called ‘‘gid,’* 
sturdy,” or “ tumsick,” is caused by the development of the Ooenurtis ccre^ 
hralis in the brain. 

The pig is also attacked by anthrax in different forms, by typhoid, and 
by hog cholera, t The swelling in the first case, and the scouring, fever, and 
prostration in the second, are sufficient diagnostic marks. In 1864, a severe 
fever of this kind, with or without scouring, prevailed among the pigs in 
London. 

The so-called measle of the pig is caused by the presence in the muscle of 
the CysticerciLs celluloses. It is detected in the following way : — The 
measle trier ” throws the pig on its back, draws out and wipes the tongue, 
and Idoks and feels for the sublingual vescicles containing the CysticercL 
Sometimes a bit is cut out of the muscle under the tongue, and the Cysticerci 
are microscopically examined. A small harpoon can be used for this purpose, 
and gives little pain. Sometimes the Cysticercus can be seen on the con- 
junctiva, or on the folds of the anus. T(^en the disease is far ^vanced, the 
animal is dull, the eyes heavy, appetite bad. These symptoms are, however, 
Hot peculiar ; there is said to be sometimes tenderness in the groin (Grive), 


* Fifth Report of the Medical Officer to the Privy Council, p. 222. 

t Dr Cohbold (Monthly Microscopical Journal, Nov. 1871) has lately pointed out that the 
pig is affected both in America and Australia, with a laige ]raraslte (the Stephanurus defiUatusU 
This worm is found chiefly though not solely in the fat, and is at lirst free and then encysted ; 
the cyst is large, and may be If inch in length and } inch in diameter. The Aill grown worm 
may be as much as 1} inch in length. Thr^ to six eggs are found in the cyst, and the young 
worms migrate. During their nugratloii, it has been surmised that they cause the '*hi>g 
cholera.^ 
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Acoosdii^ to Delpech, this is very imcertain ; a better sign is a certain 
amount bf swelling of. the shoulder^ which causes a sort of constriction of the 
neck, and somewlmt impedes the movements of the anim a l s (Delpech). The 
presence of the Trichina spiralis is indetectable before death, unless found in 
the muscles under the tongue. 

Sub-Sbotion IL — Inspection op Dead Meat.* 

1. Fresh Meat. 

Meat should be inspected, in temperate climates, twenty-four hours after 
being killed ; in^the tropics, earlier. ^ 

The following points must be attended to : — 

(а) Quantity of Bom . — In lean animals, the bone is relatively in too great 
proportion ; taking the whole meat, 20 per cent, should be allowed. 

(б) Quantity and Character of the Fat . — It should be sufficient, yet not 
excessive, else the relative proportion of albuminous food is too low ; it 
should be firm, healthy looking, not like jelly, or too yellow; without 
hssmorrhage at any point. The kind of feeding has an effect on the colour of 
the fat ; some oil-cakes give a marked yellow colour. 

Professor Gamgee states that pigs fed on flesh have a peculiarly soft 
diffluent fat, and emit a strong odour from their bodies. The same authority 
tells us that the butchers will mb melted fat over the carcass of thin and 
diseased animals, to give the glossy look of health. 

(c) Condition of the Flesh . — ^The muscles should be firm, and yet elastic ; 
not tough ; the pde moist muscle marks the young animal, the dark-coloured 
the old one; the muscular fasciculi, are larger and coarser in bulls Julian 
oxen. A deep purple tint is said to indicate that the animal has not been 
slaughtered, but has died with the blood in it (Letheby). When good meat is 
placed on a white plate, a little reddish juice frequently flows out after some 
{hours. Good meat has a marbled appearance from the ramifications of little 
veins of fat among the muscles (Letheby). There should bo no lividity on 
cutting across some of ’ the muscles ; the interior of the muscle should be of 
the same character, or a little paler; there should be no softening, 
mucilaginous fluid, or gus, in the intermuscular cellular tissue. This is an 
important point, which should be closely looked to. The intermuscular 
tissue becomes soft, and tears easily when stretched in commencing 
putrefaction. 

The degree of freslmess of moat in commencing putrefaction is judged of 
by the colour, which becomes paler ; by the odour, which becomes at an early 
stage different from the not unpleasant odour of fresh meat, and by the 
consistence. Afterwards, the signs are marked ; the odour is disagreeable, 
and the colour begins to turn greenish, f It is a good plan to push a clean 

In the city of London,^ ^ 75(^tou8 is condemned/ but much escapes detection. 


to condemn the flesh of animals infected with certain parasites, sucli as measles and flukes, &c., 
and of animals sufieriug from fever or acute inflammatory affections, as rinderpest, pleuro- 
pneumonia, and the fever of parturition, and of animals emaciated by lingering disease, and 
those which have died fi'om accident or from natural causes, as well os all meat tainted with 
physic, or in a high state of putrefaction. ** (Ibid, p. 210.) It may be a question if meat should 
oqipondemiied in some of these cases, as, for instance, pleoro-pneuroonia. In India, meat 
WTO Oysticerci is now oidered to be received^ but to be carefully cooked ; but it would be very 
dimcult to ensure that proper eooking shaH be always had recourse to. 
f In diseased meat there is a disagreeable odour, sometimes a smeU of physic ; very discover- 
when the meat is chopped up and drenched with wium water. 
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knife into the flesh up to its hilt In good meat the resistance is unifonn ; 
in putrefying meat, some parts are lifter than ^others. The smell of the 
knife is also a good test Cysticerci and Trichinae should be looked for 
(see below). 

(d) Condition of the Marrow . — In temperate climates the marrOW of the 
hind legs is solid twenty-four hours after killing ; it is of a light rosy red. 
If it is soft, brownish, or with black points, the animals has been sick, or 
putrefaction is commencing. The marrow of the fore-legs is more diffluent ; 
something like honey — of a light rosy red. 

(c.) Condition of Lunge and Idver.’-^'Bo^ii should be looked at to detect 
the Btrongylus filaria in the lungs j the Distoma in the liver ; also for the 
presence of multiple abscesses. 

(J) To detect cattle plague, the mouth, stomach, or intestines must be 
seen ; no alterations have as yet been pointed out in the naked-eye appearance 
of the muscles, though under the microscope they are found to be degenerat- 
ing dike the muscles in human typhoid (Buchanan). 

But meat cannot be fully judged of till it has been cooked^ so as to see 
how much it loses in roasting or boiling ; whether the fibres cook hard, &c. 

In countries where there are goats, the attached foot of the sheep should 
be sent in for identification. 

Decomposing sausages are difficult of detection until the smell alters. 
Artmann recommends mixing the sausage with a good deal of water, boiling 
and adding freshly-prepared lime-water. Good sausages give only a fafht, 
not unpleasant, ammoniacal smell; bad sausages give a very oftensive, 
peculiar ammoniacal odour. 


Microscopic Examination of Meat. 

In the flesh of cattle, or of the pig, Cysticerci may be found. They are 
generally ^ible to the naked eye as small round bodies ; when placed under 



Fig. 29 — ^Woodcut from a photograph of ** measly pork in Calcntta (natural size), 

• by Dr. Lewis. 


a microscope with low power, their real nature is s^n ; they are sometimes 
so numerous as to cause the flesh to crackle on section. The smallest 
Cysticercus noticed by.Leuckart in the pig was about y^ths of an inch long 
and yf^ths broad ; but they are generally much larger, tod will re^h to i^ths 
or -j^ths or f ths of an inchL In ^me countries they are extremely common in 
cattle, and mve been a source of considerable trouble in North-West India. 
The Cysticercus of the ox pr^iicea in man the STenma medigcomdlata. In 
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sheep Gohbold described a small Cysticercus with a double crown of 
IxookB, 26 in number. He that possibly a special Tajnia may arise 

from this.* In diagnosing the Cysticerci of pork the booklets should always 
be seen. 

The Trichinae may be present in the flesh of the pig ; if encapsuled they 
will be seen with the naked eye as small round specks but veiy. often a 
microscope is necessary. A power of 50 to 100 diameters is sufficient. The 
best plan is to take a thin slice of flesh ; put it into liquor potassae (1 part to 
8 of water), and let it stand for a few minutes tiU the muscle becomes clear ; 
it must not be left too long, otherwise the Trichinae will be destroyed. 
The white specks conle out clearly, and the worm will be seen coiled up. If 
the capsule is too dense to allow the worm to be seen, a drop or two of weak 
hydrochloric acid should be added. If the meat is very fat, a little ether or 
benzine may be put on it in the first place. The parts most likely to be 
infected are said to be the muscular part of the diaphragm, <he intercostal 
muscles, and the muscles of the eye and jaw.f In diagnosing TrichinsB, the 
coiled worm should be disrinctly seen. The Stephanurm dentoius in the pig 
has been already referred to. 

The so-called Psorospermia, or Eainey's capsules, must not bo mistaken 
for the Trichinae, nor indeed with care is error possible. These are little, 
almost transparent, bodies, found in the flesh of oxen, sheep, and pigs. They 
are in shape oval, spindle-shaped, or sometimes one end is pointed and the 
other rounded, or they are kidney-shaped. The investing membrane exhibits 
delicate markings, caused by a linear arrangement of minute hair-like fibres, 
which Mr EaineyJ states increase in size as the animal gets older. They 
sometimes are pointed, and the appearance under a high power (1000 diameters^ 
is as if the investment consisted of very delicate, transparent, conical n^s, 
terminating in pointed proces8.§ The contents of the cysts consist of 
granular matter, the granules or particles of which when mature are oval, and 
which adhere together, so as to form indistinct divisions of the entire mass. 
The length varies from ly^th to Jth of an inch. They are usually narrow ; 
they lie within the sarcolomma, and appear often not to irritate the muscle. 

Till the present time no iiyurious effect has been known to be produced on 
men by these bodies, notwithstanding their enormous quantities in the flesH 
of domestic animals, nor have they been discovered in the muscles of men. 
But in pigs these bodies sometimes produce decided illness ; besides general 
signs of illness, there are two invariable symptoms, viz., paralysis of the hind 
legs, and a spotty or nodular eruption. || In sheep they have been known to 
affect the muscle of the gullet, and produce abscesses, or what may be called 
so, viz., swellings sometimes as large as a nut, and containing a milky purulent- 
looking fluid, with myriads of these capsules in it. Sheep affected in this way 
often die suddenly.U 

It is by no means improbable that some effect on man may be hereafter 
discovered to be produced 

Some bodies which have been also termed Psorospermia, found in the liver 
of the rabbit, and other parts, and in the liver of man, and which have been 


♦ Surgeon-major Oldbam deacribea TenuicoUis (from Tasnia marginata of dog) as 

oommon in the sbeep of the Pnigab ; it has four suckers and a double coronet of 82 hooks. 
(Indian Medical Gazette AugustTlSys}. 

+ Lion— Comp, des Sanit, Pol. p. 171. 
i Phff Trans. 1867. 

I Beale, in third Report of the Cattle Plague Commission.. Appendix. 

I Virchow's Archir, band xxjhiii. p. 855. 

Y Leiseriiig;, in Virchow’s Archiv, band zzzviL p. 43L ^ 
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described by many observers in different terms,* may possibly be found in 
other animals, as ^ey have been seen in the dog by Virchow. They are quite 
different from Bainey^s corpuscles ; they are oval or rounded bodies, at first 
with granular contents, and then with aggregations of granules into three or 
four rounded bodies, on which something like a nucleolus is seen. They 
have often been Tniatak en for pus cells. 

Some other bodies occur in the flesh of pigs, the nature of which is not yet 
known Wiederholdf describes a case in which little white specks, with all 
the appearance at first of encapsuled Trichinae, could not be proved to be so, 
and their real nature was quite obscure. , 

Virchow has described little concretions in the flesh of the pig, which seemed 
to be composed of guanin j ( these were also at first taken for encapsuled 
Trichinae. 

£oloff§ has described little hard round nodules in the flesh of the pig, some 
seem very smilil, others as large as the head of a pin, with little prolongations 
running to the surrounding muscular fibres to which they are attached. On 
the outside of these bodies are bundles of fine hairs or needles, sometimes 
arranged in quite a feather-like form. The bodies have a great resemblance 
to the guanin bodies of Virchow, but the needles are not crystalline. Boloff 
puts the question if these bodies are of post-mortem origin. ^ 

It is lu^y necessary to state that in cutting across meat, small bits of 
tendons or fascia, sometimes very like a little cyst, will be found ; but common 
care will prevent a mistake. "■ 

2. Salt Meat, 

It is not at all easy to judge of salt meat, and the test of cooking must often 
bo i(fcployed. The following points should be attended to : — 

(а) The salting has been 'well dbne^ hut the parts inferior. — This is at once 
detected by taking out a good number of pieces ; those at the bottom of the 
cask should bo looked at, as well as those at the top. 

(б) The salting well done^ and the parts good^ hut the meat old, — Hero the 
cx^me hardness and toughness, and shrivelling of the meat, must guide us. 
It would be desirable to have the year of salting placed on the cask of salt beef 
or pork, 

(c) The salting well doncy hut the meat had. — If the meat has partially 
putrefied, no salting wiU entirely remove its softness ; and even there may be 
putrefactive odour, or greenish colour. A slight amount of decomposition is 
arrested by the salt, and is probably indetectable. Cysticerci are not killed 
by salting, and can be detected. Measly pigs are said to salt badly, but Mr 
Gamgee informs me this is not the case. 

{d) The salting badly doncy either from haste or had brim. — In both cases 
sig^ of putrefaction can be detected ; the meat is paler than it should be ; 
often slightly greenish in colour, and with a peculiar odour. 

It should be remembered that brine is sometimes poisonous ; this occurs in 
cases where tte brine has been used several times ; a large quantity of animal 
substance passes into it, and appears to decompose. The special poisonous 
agent has not been isolated. 

Sub-Sbotion IIL — Diseases abising fbom altebed Quality of Meat. 

A very considerable quantity of meat from diseased animals is brought into 
the market, but the amount is uncertain. 

* Leuckart^ Die Menschl. Paras, baud i. p. 7A0 ; Stieda, Virchow’s Archie, hand zzxii. p. 132; 
Uoloft Virchow’s Archiv, band xliiL p. 612. + Virchow’s Archiv. band xzziii. p. 649* 

. i Ibid, band jucxv. 368. § Virchow’s Ai-chiv, bond xhiL p. 624. 
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Instaaces are not at all tmcommonin wMcli personi^ after ptiltaldng of but^ 
oiler’s meat^ have been attacked with serious gastro-intestmal symptoms 
(vomiting, diarrhoea, and even cramp), followed in some cases by severe 
lebrile symptoms; the whole complex of symptoms somewhat resembles 
cholera at first, and afterwards typhoid fever. The meat has been often 
analysed, for the purpose of detecting poison, but none has been foun4* In 
the records of these cases, the kind of meat, the part us^ and the ori[^ from 
a diseased aniTnal, are not stated, and, in some cases, it may be conjectured 
that the cooking, and not the meat, was in fault. Still, the instances are 
beconjing numerous, and are increasing every day, as attention is directed to 
the subject. We should conclude from general principle that as all disea^ 
must affect the composition of flesh, and os the composition of our own bodies 
is inextricably blended with the composition of the substances we eat, it must 
be of the greatest importance for health to have th^ substances as pure as 
possible. Animal poisons may indeed be neutralised or destroyed by the 
processes of cooking and digestion, but the Qomposifion of muscle must exert 
an influence on the composition of our own nitrogenous tissues which no 
preparation or digestion can remove. 

On looking through the literature of the subject, however, we find less 
evidence than might be expected. I cannot but believe this to be, in part, 
owing to imperfect observation, especially when we think for how long a time 
the Mchina disease was overlooked. 

1. The flesh of healthy animals may produce Poisonous This 

is the case with certain kinds of fish, especially in the tropical seas. There is 
no evidence that the animal is diseasec^ and the flesh is not decomposed ; it 
produces, however, violent symptoms of two kinds — gastro-intestinal irritation, 
and severe ataxic nervous symptoms, with great depression and algidityf^The 
little herring {Clupea harengo mvtwt^y the silver-fish (JZeus gallus)y the 
pilcliard, the white flat-fish, and several others, have been known to have 
those effects.! some cases, though not in all, the poison is developed 
during the breeding time. Oysters (even when in season) and mussels have 
been known to produce similar symptoms, without any decomposition. The 
production of dyspepsia and nettle-rash in some persons from eating shell-fish 
need scarcely be mentioned. 

Among the Mammalia the flesh of the pig sometimes causes diarrhoea — a 
fact I have had occasion to observe in a regiment in India, and which has 
been often noticed by others. ITie flesh is probably affected by the unwhole- 
some garbage on which the pig feeds. Sometimes pork, not obviously 
diseased, has produced choleraic symptoms. | In none of these cases has the 
poison been isolated. 

2. Hie flesh of hmlthy animals when deeomposingy is eaten sometimes 
without danger ; but it occasionally gives rise to gastro-intestinal disorder — 
vomiting, diarrhoea, and great depression; in some cases severe febrile 
symptoms occur, which are like typhus, on accoitut of the great cerebral com- 
plicatipn. Cooking does not appear entirely to check the decomposition. 

It appears t(^ be, in some cases, the acid fluids of cooked meat which 
promote this alteration. 


♦ Bee Professor Oaingee’s paper in the Fifth Report of the Medical Officer to the Privy 
Council, 1868,^ 287. He refers to cases noted by Madagan, Taylor, Letheby, Dnndas 
Thomsoi^ and Keith. * 

+ A list of more than forty fishes, whicn are occasionally poisonous, is given by PappeU- 
heim.— JTamf. iJ^^nitaU^Pdl, band i. p. 895. 

J Kesteven cites a good case in which twelve persons were affected.— ITed. Times and 
March 5, 1884. 


I 
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• Sausages and pork-pies^ isometimes become poisonous from the formation 
of an as yet unknown substance, whicb is perhaps of a fatty nature. It is 
not trimethylamine, amylamine, or phenylamine— these are not poisonous 
(Schlossbeiger). The symptoms are severe intestinal irritation, followed 
rapidly by nervous oppression and collapse.! Neither salts nor spices hinder 
the production of thw poison. M. Vandem Corput attributes the poisonous 
effects of sausages to a fungus, of the nature of a sarcina, or what he terms 
Sarcina hotulina.X 

Oysters and shell-fish, when decomposing, produce also marked symptoms 
of the same kind. Eotten fish are used, Imwever, by the Burmese, Siamese, 
and Chinese as a sort of condiment, without bad effects. 

3. The fresh and not decomposing flesh of diseased animals causes in many 
cases iiyurious effects. A good de^ of difference of opinion, however, exists 
on this point, and it Would seem that a more careful inquiry is necessary. 
The probability is, thf^^ when attention is directed to the subject, the effects 
of diseased meat will *be found to be more considerable than at present 
believed.§ At the same time, we must not go beyond the facts as they are 
at present known to us, and at present certainly bad effects have been traced 
in only a few instances ; perhaps the heat of cooking is the safeguard. 

(a) Accidents. — ^The flesh of animals killed on account of accidents may be 
eaten without injury. 

{b) The flesh of over-driven animals is said by Professor Gamgce to contain 
a poison which often produces eczema on the skin of those who handle it ) 3 and 
eating the flesh is said to ‘‘ have been attended with bad effects.” 

(c) Early Stage of Acvte Inflammatory Disease. — The meat is not apparently 
al ^red , and it is said that some of the primest meat in the London market is 
tafft^from beasts in this condition; it is not known to be injurious, but it 
has been recommended that the blood should be allowed entirely to flow out 
of the body, and should not be used in any way. 

(d) Chronic toasting Diseases — Phthisis^ Dropsy ^ &c. — Tlio flesh is pale^ 
cooks badly, and gives rise to sickness and diarrhoea. It also soon begins to 
decompose, and then causes very severe gastro-intestihal derangement 

(e) Chrmic Nervous Fevers. — Same as above. 

(/) Epidemic Pleuropneumonia of Cattle. — ^Much doubt exists as to the 
effect of this disease on the meat It is hardly possible that the flesh should 
not be seriously altered in composition, but it seems certain that a large quan- 
tity is daily consumed without apparent injury. I have been informed by 
two most excellent authorities that the Kaffirs ate their cattle when destroyed 
by the epidemic lung disease which prevailed at the Cape some years ago, 
without injury. Both my informants — Staff-surgeon Nicolson and Assistant- 
sflrgoon Frank — ^made very careful inquiries on this point Dr Livingstone, 
however, states that the use of such flesh produces carbuncle, 

{g) Anthrax and Malignant Pustule. — Many of the older authors 
(Eamazzini, .Lancisi, quoted by Levy) mention facts tending to prove the 
: ; 

* I have seen Tery severe symptoms produced, diarrhoea and partial ^Uapse, from ^ting 
beefsteak pie, v^hich presented nothii^g unpleasant to the taste. (F. de cS) ‘ 

t A severe case of poisoning by lirbr sausages took place at Middelbuf^ imHolland, in March 
1874. Nearly 400 were attacked, and out of 348 reported cases, Odied. The symptoms com- 
menced a few hours after the saus^es were eaten, consisting of nausea and vomiting, diarrhoea 
with offensive stools and ab<iominal pain mid high fever. The symptoms, after apparent 
convalescence, recurred for several days, and at last became quite of an intermittent character. 
Chemical and microscopic examination failed to detect anything, except that there were 

S uantities of the minutest organisms in the saustes. (Centralblatt fiir die Med. Wiss. 1875, 
ro. 14, p. 219.) 

X Quoted by Letheby, Chemical JVfuw, Feb. 1869. I have not seen theYlAginal paper, 
g Ftofessor Gamgee says that ^th of the meat in London is more or less diseased. * 
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(linger of imiog tlie fledx of imimalfl affected with maUgnant piiatule^ 
ChaU9sier alao affiimed the same thing, but subsequently modified his opinion 
oonsideiably* The apparent increase in the number of cases of malignant 
pustule in men has l^en ascribed to eating the flesh of a ni m a ls vrith this 
disease, but it is quite as likely that inoculation may have taken place in other 
waya 

The evidence laid before the Belgian Academy of Medicine led them to 
believe the flesh of cattle affected with carbuncular fevers to be injurious, and 
it is not allowed to be sold. 

It has been supposed that the outbreaks of boils, which have certainly 
become more prevalent of late years, are produced by meat of this kind, but 
the evidence is very imperfect. 

Menschel* has recorded a case in which twenty-four persons were seized 
with malignant pustule, the majority after eating the flesh* of beasts suflering 
from the ^sease, the others from direct inoculation. Those who ate the flesh 
were attacked in three or ten days ; those who were inoculated, in three to 
six days. In those who ate the flesh the carbuncle appeared in two cases on 
the upper arm, in three on the forearm, in nine on the face ^d head. The 
gangrenous degeneration rapidly extended. Five died of the twenty-four 
cases. One woman ate flesh and broth ; another ate the same flesh, but threw 
away the broth. The first was attacked — ^the second had only diarrhoea; 
This appears to be the most satisfactory case on record. It is also stated that 
pigs fed on the flesh got the disease, and that a woman who ate some of the 
diseased pork was also attacked. 

On the other hand, several old authors, and lately l!7‘effel,t assert that the 
Kirghises constantly oat horses and cattle (either killed or dying sponton eo^ y) 
affected with malignant pustule without injury. 

Parent-DuchAtelet (t iL p. 196) quotes a case from Hamel (1737), in wbich 
a bull infected three persons who aided in Idllmg it, and a suigeon who 
opened one of the tumours of a person affected ; yet, of more than 100 persons 
who ate the flesh roasted and boiled, no one experienced the slightest incon* 
venience, and Parent states that many other eases are known itx literature. ' 

ParentrDuchfttelet and Levy (t iL p. 661) quote from Morand^ (1766) an 
instance in which two bulls communicated malignant pustule to two butchers 
by inoculation, yet the flesh of the animals was eaten at the Invalides ” 
without injury. But both these instances are of old date. Pappenheim 
{Handb, der Sanitads-Pol,^ band L p. 587) states (without giving special 
instances) that there ore many coses in which no bad effect resulted from the 
cooked flesh of charbon — that the peasants of Posen eat such meat with 
perfect indifference, and believe it is harmless when boiled. 

With regard especially to the erysipelas carbunculosum^ or black-quarter, bs 
distinguished from malignant pust^e (if it is to be so distinguished), Professor 
Gamgee (“Fifth Eeport of Medical officer to the Privy Council,” p. 290) 
refers to cases of poisoning, and two deaths mentioned to him by Dr Keith 
of Aberdeen, caus^ by eating an animal affected with’ black-quarter. He also 
notices on instance which occurred “a number of years ago in Dumfriesshire,” 
when seventeen persons were more or less affected, and at least one died, 
and states that a number of cases have been related to him by different 
observers. 

The discrepancy of evidence is so great as to lead to the conclusion, that 
the stage of the disease, or the part eaten, or the mode of cooking must have 


* F^nsfl. Med. 2Selt. 4th June 1862, and Canstatt’s Jahresb. 186jL band ir. p. 257. 
“ t Goiuitatt'a Jahresb. for I860, baud ii. p. 187. . 
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great influence, and tliat a mucli more careful study than has yet been given 
to this subject is necessary to dear up these great variations of statement 
. (h) Splenic Apoplexy or Braxy of She^^ — Professor Simonds^ states that 
pi^ and dogs in a few hours after eating the flesh of sheep dead of 
braxy. Professor Gamgee (“Privy Council Eeport,*' 1863, p. 280^ affirms 
the same thing; but, on the other hand, I am informed by my fnend Dr 
McGregor that dogs eat the meat with perfect impunity. The experiments of 
Alfort (Levy, t iL p. 664) have also shown that pigs, dogs, and fowls axe not 
incommoded by this poison, which yet acts violently when swallowed by 
sheep, goats, or horses. So also Dr Smith states, ! that the shepherds in the 
higlilands of Scotland eat by preference braxy sheep, and are quite healthy. 
Dr M‘Gregor tells me that the flesh of braxy sheep is never cooked until it 
has been steeped for two months in brine, and then suspended for a time from 
the kitchen loofi It is preferred to ordinary salt mutton, because it has 
rather a flavour of game. 

(f) Smallpox- of Sheep, — ^The flesh has a peculiar nauseous smell, and is 
pale and moist It produces sickness and diarrhoea, and sometimes febrile 
symptoms. 

(/) Foot-<indmouih Disease {Aphtha {or Eczema) epizootica), — LevyJ states 
that at different times (1834, 1836, 1839) the aphthous disease has prevailed 
among cattle both at Paris and Lyons, without the sale of the meat being in- 
terrupted or giving rise to bad results. The milk of cows affected with foot- 
and-mouth disease has been supposed to cause vesicular affection of the m^uth 
in men.§ The evidence seems to me very uncertain. The discharges from 
the mouth are constantly on the hands of the farm-labourers, who are not very 
cleanly, and who must constantly convey them to their own mouths, and yet 
thS&rtischarges, so infectious to other cattle, produce no effect on them. 

{k) Cattle Plague {Rinderpest^ Typhus contagiosus of the French) — A 
priorij such flesh would be consider^ highly dangerous, and the Belgian 
Academy of Medicine so consider it ; but there is some strong evidence on 
the other side. In Strasbourg and in Paris, in 1814, many of the beasts eaten 
in those cities for several months had rinderpest, and yet no ill consequences 
were traced. But it may be questioned whether they wore looked for in that 
careful way they would be at the present day.|| Some other evidence is 
stronger : Benaidt, the director of the Veterinary School at Alfort, made for 
several years after 1828 many experiments, and asserts that there is no danger 
from the cooked flesh of cattle, pigs, or sheep dead of any contagious disease 
(quelle que soit la repugnance bien naturelle quo puissent inspirer ces 
produits.”)5f So also during the occurrence of the rinderpest in England 
(1865), largo quantities of the meat of animals killed in all stages of the 
disease were eaten without iU effects. In Bohemia also, in 1863, the peasants 
dug up the animals dead with rinderpest, and ate them without bad results.** 

i t) Babies in the dog and cow produces no bad effects, ff 
m) Diseases in the pig, like scarlet fever and pig-typhus, have prevailed 
lately in London, and the flesh has been eaten. No injury has been proved. 

* Agricultural Journal, No. 50, p. 282. f Social Science Trans, for 1868, p. 559. 

J Traits d’Hygi^e, 1867, t. xi. p.'663. § Jour, of the Bpid. Soc., voL i, p. 423. 

il The words of Ckjae (Parent-Duch&telet, t. xL p. 201) are, however, very strong. At StJ*as- 
bouiv he says-o*' Un millier de bceufs de grande taille, nialades pour la piupart au plus haut 
degre, puisqu’un assez grande nombre out 4t€ Sgorges au moment ou ils allerent ezpirer, a dtd 
consommd, pendant et apr^ le blocus, et cet aliment n’a produit ancone maladie,** 

IT Pa^en, Des Substances Alimentaires, pp. 80, 31. 

** Evidence of Cattle Pla^e Commission, question 997, and other places. 

*H' Parent-Duch&telet, t. u. p. 197, cites a case of seven mad cows being sold without injury 
to tliose who ate the desh. 

^ Letheby, C7iem, Aeufs, Jam 15, 1869. > 
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(n) The Cysticercua ceUidoscs of the pig produces Taenia solium^ and that of 
the ox and cow the Taenia medioeaneUata. These entozoa often arise from 
eating the raw meat, but neither cooking nor salting are quite preservative 
though they may lessen the danger. Smoking appears to kill the Cysticerci, 
and so, according to Delpech, does a temperature of 212® Fahr. T. Lewis* 
found that a much lower temperature sufiicecL When the Cysticerci had been 
exposed for five minutes to a heat of 130® Fahi*., he could detect no move- 
ments, and he considers that a temperature of from 135® to 140° for five 
minuto would certainly kill them. Lewis considers there is no danger if the 
cooking is well done, as the temperature of well done moat is never below 
160®. 

, ip) The Trichina spiralis in the pig gives rise to the curious Trichina disease 
caused by the wanderings of the young TrichinsB. The affection is highly 
febrile, resembling typhoid or even typhus, or acute tuberculosis, but attended 
with excessive pains in the limbs, and ^ema.t Boils are also sometimes 
caused. The eating of raw trichiniferous pork is the chief cause, and the 
entozoon is not easily killed by cooking or salting. A temperature of 144° to 
166® Fahr. kills the free Trichinae, but the encapsuled Trichinae may demand 
a greater heat (Fiedler). During cooking, a temperature which will coagulate 
the albumen (160° to 156° Fahr.) renders the Trichinae incapable of propaga- 
tion, or destroys them. As a practical rule, it may be said that if the interior 
of a piece of boiled or roasted pork retains much of the blood-red colour of 
uncooked meat, the temperature has not been higher than 131° Fahr., and 
there is still danger. Intense cold and complete decomposition of the meat do 
not destroy the Trichinae. Hot smoking, when thoroughly done, does destroy 
them (Leuckart) ; but the common kinds of smoking, when the heat is often 
low, do not touch the Trichinae (Kiichenmeister). 

(p) The Echinococcus Disease , — It is well known that many persons will 
eat freely of, and even prefer, the liver of the sheep full of flukes. I am not 
aware that in this country direct evidence has been given of the production 
of disease from this cause. In Iceland the Echinococcus disease, wWch affects 
a large number of persons, is derived from sheep and cattle, who in their turn 
get the disease from the Taenia of the dog (Leared and Krabbe.) 

(f/) Glanders and farcy in horses do not appear to produce any injurious 
effects on their flesh when eaten as food. Parent-Duch&telet quotes two 
instances, in one of which 300 glandered horses were eaten without injury. 
(“Hyg. PubL,'* t. ii. 194. See also Levy, t. ii. pp. 661, 662.) In 1870, 
during the siege of Paris, large quantities of flesh from horses with farcy and 
glanders were eaten without injury. 

(r) Medicines, especially antimony, J given to the animals in large quantities, 
have sometimes produced vomiting and diarrhoea. Arsenic, also, is occasionally 
given, and the flesh may contain enough arsenic to be dangerou8.§ 

In time of peace the duty of the army surgeon is simple. Under the terms 
of the Gonticact, aU sick beasts are necessarily excluded. Without reference, 


* The Bladder Worms found in Beef and Pork, by T. Jjewis, M.D., Calcutta, 1872, 

•f Aitken's Practice of Medicine, 4th edit. vol. i. p. 867. See also reports on Hygiene by the 
writer in the Army Medical Report for 1860, 1861, 1862, and 1863, where references to most 
of the early cases will be found. See ako Dr Thudichum’s treatise in Mr Simon’s Report to 
the Privy CSouncil, 188A 

t Seeawellinarkedcaae€iteabyPavy(‘'ATreatie8onFoodandDietetics,”2ded.l875,p.l60), 

as quot^ by Oamgee, from the Central Zeitung ftir die gesammte Veterinibinedizin fiir 1864, 
where 107 mrsons were attacked after eating the flesh of an ox which had been treated with 
jbarter-emetlo, previons to. being slaughtered. 

I Levy, Trait6 d’Hygidne, t. ii p. 666; reference to experiments of Danger, Haudin, and 
Chatin. 
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ilien^ to any nncertain questions of hurtfulness, or the leveise, he must object 
to the use of the flesh of such animala This is the safe and proper 
course. 

But, in time of war, he may be placed in the dUemma of allowing such 
meat to be used, or of getting none at all He should then allowthe issue of 
the meat of all animals, ill with inflammatory and contagious diseases, with 
the exception of small-pox, and perhaps splenic apoplexy in sheep. But it 
will be well to take the precautions — Isf, Of bleeding the animals as 
thoroughly as possible ; 2d, Of using only the muscles, and not the organs, as 
it is quite possible these may be more iiy urious than the muscles, though there 
are no decided facts on this point ; and, 3d, Of seeing that the cooking is 
thoroughly done. But anim^ with small-pox, Cysticerci, and Trichinfle, 
should not be used. If dire necessity compels their use, then the employment 
of a great heat in a baker’s oven and smoking, if it can be used, may lessen 
the danger. If such things can be got, it would be well to try the effect on 
the meat of antiseptics, especially of carbolic acid, which destroys low animal 
life with great certainty. 

Sub-Sbotion IV. — Cooking op Meat. 

Boiling , — ^The loss of weight is about 20 or 30 per cent, sometimes as 
much as 40. If it is wished to retain as much as posible of the salts and 
soluble substances in the meat, the piece should bo left large, and should bo 
plunged into boiling water for five minutes to coagulate the albumen. After 
this the heat can scarcely be too low. The temperature of coagulation of the 
^angiminoid substances differs in the different constituents, one kind of 
almflRen coagulates at as low a heat as 86* if the muscle serum bo very acid ; 
another albumen coagulates at 113* Fahr. ; a laige quantity of albumen 
coa^lates at 167*, the haematoglobulin coagulates at 158* to 162*, below 
which temperature the meat will be underdone. If the temperature is kept 
above 170°, the muscular tissue shrinks, and becomes hard and indigestible, 
Liebig recommends a temperature of 158* to 160*. Most military cooks 
employ too great a heat: the meat is shrunken and hard. In boiling, 
sulphhydrate of ammonium is evolved, with odoriferous compounds, and an 
acid like acetic acid. 

If it is desired to make good broth, the meat is cut small, and put into cold 
wrfter, and then warmed to 160* ; beef gives the weakest brotL In a pint 
there are about 150 grains of organic matter, and 90 grains of salts. Mutton 
broth is a little stronger, and chicken broth strongest of alL About 82 per 
cent of the salts of b^f pass into the broth, viz., all the chlorides, and most 
of the phosphates. 

Broth made without heat, by the addition of four drops of hydrocliloric 
acid to a pint of water, and a half pound of beef is richer in soluble albumen. 
Lactic acid ^and chloride of potassium added together have the same effect 
If rather more hydrochloric acid be used, but no salt, heat can be applied, 
and, if not higher than 130* Fahr., nearly 60 per cent of the meat can be 
obtWed in the brotL ’ 

Boasting . — The loss varies from 20 to 36 per cent ; in beef, it is rather 
less than in mutton (Oesterlen). This loss is chiefly water ; the proportion 
of carbon, hydrogen, nitrogen, and oxy^n remaining the same (Playfair). 
Boasting should ^ dowly done ; to retain the juices, the meat must be first 
subjected to an intense heat, and afterwards cooked very slowly ; the diy 
distillation forms aromatic piquets, which are in part volatilized ; the fat ^ 
in part .melted, and flows out with gelatine and altered extractive mattans. 
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The fat ofte% improperly, becomes the perquisite of the cook, and may be lost 
to the soldier. The loss in baking is nearly the same, or a little less. 

Stewing , — ^This is virtually the same as roasting, only the meat is cut up, is 
continually moistened with its own juices, and is often mixed with vegetables. 
Like boiling and roasting, it should be done slowly at a low heat j the loss 
then is about 20 per cent, and chiefly water. 

In all cases, there is one grand rule, viz., to cook the meat slowly, and with 
little heat, and, as far as possible, to let the loss be water only. The fault 
in military kitchens has been, that excessive heat is used. I have frequently 
seen the water boiling, and the men have told me that, in order to boil the 
vegetables, and yet not overdo the meat, they are obliged to remove the meat 
for a time from the water. The meat is then often a sodden, tasteless mass, 
with hard, shrunken, and indigestible fibres. The thermonieter will be found 
very useful, especially in showing cooks that the temperature is often much 
higher than they think. In the cooking of salt meat, the heat should be very 
slowly applied, and long continued ; it is said that the addition of a little 
vinegar softens the hard sarcolemma, and it is certain that vinegar is an agree- 
able condiment to take with salt meat, and is probably very usefuL It may 
bo of importance to remember this in time of war. 

In cutting up meat, there is a loss of about 5 per cent, and there is also a 
loss from bone, so that, all deductions being made, the soldier does not get 
more than 5 or 6 ounces of cooked meat out of 12 ounces. 

The large quantity of flesh extract contained in the brine can be obtained 
by dialysia Place the filtered brine in a bladder or vessel of the prepared 
dialysis parchment, and place it in a large vessel with water ; the salt diliuses 
out, leaving, in tl^e or four days, the extract behind ; from two gallona^of 
brine a fluid was obtained, which, on evaporation, yielded 1 lb of efH^t. 
(Whitelaw, Chemical News^ March 1864.) The liquid left in the dialyser 
may be mixed with flour, and then forms a nutritious meat-biscuit (Whitelaw). 
Instead of pure water in the outer vessel, salt water may be at first used. 
An air-bladder will do as a dialyser if the parchment cannot be obtained. 

Sub-Sbction V. — Preservation of Meat. 

Moat may bo kept for some time by simply heating the outside very 
strongly, so as to coagulate the albumen ; or by placing it in a close vessel, in 
which sulphur is burnt, or by covering the surface with charcoal, or strong 
acetic acid, or calcium bisulphite, or weak carbolic acid. Iiyections of alum 
and aluminium chloride through the vessels will preserve it for a long time ; 
water should be injected iirst, and then the solution. Even common salt in- 
jected in the same way will keep it for some time. So also will free exposure 
to pure air ; charcoal thrown over it, and suspended also in the air ; or the 
meat being cut into smaller portions, and placed in a large vessel, heat should 
be applied, and, while hot, the mouth of the vessel should be closed tightly, 
with well washed and dried cotton-wool ; the air is filtered, and partially freed 
from germs. The application of sugar to the surface is also a good plaiu* 

Plans of this kind may be useful to medical officers under two circum- 
stances, viz., on board ship, and in sieges, when it is of importance 
to preserve every portion of food as long as possible. The covering the whole 
surface with powdered charcoal is perhaps as convenient as any plam A coat- 
ing of parafiin, and many other plans of excluding air, are al^ used. 

^ Cold is a great preservative of meat ; in ice it can be preserved for an unlimited period, but 
spears to decompose very rapidly in thawing. The fresh meat now imported so largely from, 
Ainerica is kept at a temperature above the freezing point ; about 88*F. 
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Meat is also preserved in tin cases, either simply by the complete exclusion 
of air (Appert^s process), or by partly excluding air, and destroying the oxygen 
of the remaining part by sulphite of soda (McCall's process). It is not 
necessary to raise the heat so high in this cas^ and the meat is less sapid. 
Meat prepared in either way has, it is said, given rise to diarrhoea, but this is 
simply from bad preparation : when well manufactured it has not this effect. 
(See also chapter on Conohntbatbd Food.) 

Meat is also preserved by drawing off the air from the case, and substituting 
nitrogen and a little sulphurous acid (Jones and Trevithick’s patent), or the 
air can be heated to 400® or 600®, so as to kill all germs (Pasteur), and then 
allowed to flow into an exhausted flask.^ 


SECTION IL 
WHEAT. 

Advantages as an Article of Diet . — It is poor in water and rich in solids, 
therefore very nutritious in small bulk ; when the two outer coats are 
separated, the whole grain is digestible. The nitrogenous substances are laige 
and varied,! consisting of soluble albumen (1 to 2 per cent.) and gluten ^8 to 
12 per cent), which itself consists of four substances, which are namea by 
Ritthausen,! gluten-casein, gliadin (or vegetable gelatine or glutin), gluten- 
fibrin, and mucedin.§ The starchy substances (starch, dextrin, sugar)^,ar 0 

* Those who wish to see a good account of the different patents for the preservation of ment 
and other foods, should refer to Dr Letheby's Cantor Lectures on Pood, delivered before the 
Sotf ety of Arts in 1860. 2d edition, 1872. ^ 

t TRs reaches 14 to 15 per cent, especially in the hard wheats of Italy and Sicily, which are 
us^ for macaroni (Letheby). 

Die Eiweisskdrper der Qetreidearten, von Dr H. Rifctbausen, 1872. 

§ These aYe the substances found by Ritthausen. The older writers use rather different 
terms. According to Ritthausen (op, cii, p. 31, gluten -casein is insoluble in cold spirit ; 

it was formerly called vegetable fibrin, but was not obtained pure ; it forms from 26 to 81*4 
per cent, of dry gluten. Gliadin, gluten-fibrin, and mucedin, are soluble in spirit, and form 
horn 34 to 42 of the gluten ; fat forms from 5 to 6, and bran and starch make up from 16 to 
IS per cent. ; there is a lai^ remainder of loss. 


TAs Composition of Vie substances in (Ritthausen, p. 68) — 


Carbon, 

Casein. 

25*94 

Gliadin. 

52*76 

Mucedin. 

54*11 

Fibrin. 

54*31 

Hydrogen, 

Nitrogen, 

7*04 

7*10 

6*90 

7*18 

1714 

18*01 

16*63 

16*89 

Oxyeen, 

Sulphur, 

21*92 

21*37 

21*48 

20-61 

*96 

•85 

*88 

1*01 


The amount of nitrogen in the flour increases tolerably regularly with the gluten. A portion 
of a table mven by Ritthausen (Die Eiweisskdrper, p. 15) will show the amoimt of rntrogeu 
when the ^uten has been determined. 


Weight of dry gluten 

Nitrogen 

Weight of glntf n 

Nitrogen 

percent. 

per cent. 

I^r cent. 

per cent. 

911 

1*60 

• ■a 

... 

. 9*54 

1*62 

12*33 

2*04 

10*65 

1*65 

12*33 

2*05 

8*52 

1*68 

12-64 

2*15 

8*36 

1*71 

... 

... 

11*27 

175 

14*80 

243 


... 

15*56 

2.53 

lo-’ii 

1*78 

18*85 

2*64 

12*45 

1*93 

14*88 

2*66 

11 10 

1*94 




... 

13*07 

268 

12*i8 

2*03 

... 

... 

• 00 

... 

17*00 

275 


The increase is not perfectly regular, but is sufficient to prove the relation. 

The mean amount of nitro^n in the dry gluten itself is 18'64, and it varies th>m 12*54 to 
15*25 per cent. (Ritthausen, op, eit, p, 16). 
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large, 60 to 70 per icent, aad are easily digested ; and, according to M4ge- 
Moori^ a nitrogenous substance (cerealin) is contained in the intern^ 
envelope, which, like diastase, acts energetically in transforming starch into 
dextrin, sugar, and lactic acid. Some consider this cerealin to be merely a 
form of diastase. Cholestrine is found in wheat, but in very small quantity 
(Bitthausen). The salts are chiefly phosphates of potash and magnesia. 

Diaadva'^agea . — It is deficient in fat, and in vegetable salts which may 
form carbonates in the systouL 

As usually prepared, the grain is separated into flour and bran ; the mean 
^ing 80 parts of flour, 16 of bran, and 4 of losa The flour is itself divided 
into best or superfine, seconds or middlings, pollards or thirds or bran flour. 
In different districts different names are used The wheats of commerce are 
named from colour or consistence (hard or soft) ; the hard wheat contains less 
water, less starch, and more gluten than the soft wheat 


Sub-Section L — ^Whbat Grains, 

The medical ojfficer will seldom be called on to examine wheat grains, but 
if so, the following points should be attended to. The grains should be well 
filled out, of not too dark a colour \ the furrow should not be too deep ; there 
should be no smell, no discoloration, and no evidence of insects or f ungL The 
heavier the weight the better. In the Belgian army the minimum weight is 
77 kilogiammes the hectolitre.* In England, good wheat weighs 60 lb to the 
bushel \ light wheat 58 lb or oven 50 lb. The fungi, if present, will 
be found at the roots of the hairs, and if in small amount, are only micro- 
scopic. If in largewamount they cause the diseases known by the name of 
rust, bunt or smut, or dust brand ; they are owing to species of Uredr &d 
Puccinia. (See Flour, f) If any grains are seen pierced with a hole, and on 
examination are found to be a mere shell, with all the starch, gone, this is 
Owing to the weevil, and the little insect can itself be found readily enough 
if a handful of wheat be taken and spread over a large plate. The weevil 
can hardly escape being seen. (See figs. 40 and 41, p. 229.) The Acaru^ 
farinoi (see p. 229) may also prey on the wheat grain, but cannot be seen 
without a microscope. 


Sub-Sbotion II. — Flour. J 

Almost all the bran is separated from the finest flour; it has been a question 
wliether this is desirable, as the bran contains nitrogenous matter — as much 

* Squillier, Bea Subsiat. Mil. p. 37. 

+ The brand of wheat and other cereala ia owing to the Uredo or Puccinia, the species being! 
aitophilum or segHum. Rye, maize, miUet, &c., appear to have their own species. 

X The following, after Peligofc (mean of 14 analyses), may be taken as the mean composition 
of flour. The analyses of Von Bibra (Die Getreloearten und das Brod, 1860) agree very closely 
with it. i j 


Wh6(U Flowr and Bran, In 100 parts. 

Flour. 

Water, 14 

Fatty matters, . , . . . , . 1*2 

Nitrogenous substances insoluble in water (gluten), 12*8 

Nitrogenous substances soluble in water (albumen), 1*8 
Noii>nitrogeuoa 8 soluble substances (dextrin, sugar), 7*2 

Starch, . . . . . . . . 59.7 

Cellulose, ...... 1*7 

Salts, ... . .... 


Bran. 

10-8 

282 

10-84 

1- 64 
6-8 

22 62 
48*98§ 

2 - 62 


4 This is hwever the ^llalose of the entire Iwth of the husk and the interior of the grain. Pot- 
ash, phcmhoric auid, and ni^iesia are the principal ingredients of the salts; the earthy phosphates are 
eipecSally^mhlne^ and In definite propordons, wRh the albuminates <Hayeri and also the mmmr mirier 
(Bibra). The alkaline phosphates are free. • The brin contains much aUica. Ondemans places the odinldie 
lower (Sd to 80 per cent.), and the salts higher (4 to 0 per cehtOt ■ ' ■ . * 
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soibetimes ias 15 per cent, with 3*S per cent of fat, and 5*7 per cent of salts. 
But if the biani is used, it seems probable that much is left undigested, and 
all the nutriment which is contained in it is not extracted. A plan has been 
employed by M^ge-Mouri^ which seems to save all the most valuable parts 
of j the bran ; the two or three outer and highly siliceous envelopes of the 
wheat are detached, and the fourth or intei^ envelope is left Several 
plans of decorticating wheat have been proposed, but none of them at present 
have superseded the old system of grinding. 

If the whole wheat is used, it should be ground very fine, as the harder 
envelopes are very irritating, and it is well to remember that for sick persons 
with any bowel complaints bread must be used entirely without bran. I have 
found dysenteries most intractable merely from attention not being directed 
to this simple point 

Examinoiion of Flour for Quality and AdyMeration. 

Flour should be examined physically, microscopically, chemically, and 
practically by making bread. 

The quality is best determined by chemical examination ; adulterations by 
the microscope, 

• Physical Examinali&iu 

Sight — The starch should be quite white, or with the very slightest tinge 
of yellow \ any decided yellow indicates commencing changes ; the amount of 
bran should not be great 

Touch , — There should be no lumps, or, if there are, they should at once 
bre|^ down on slight pressure ; there must bo no grittiness, which shows that 
the sti&fbh grains are changing, and adhering too strongly to each other, and 
will give an acid bread. Sphere should, however, be a certain amount of 
adhesion when a handful of flour is compressed, and if thrown against a wall 
or board some of the flour should adhere. "Whan made into a paste with 
water, the dough must be coherent, and draw out easily into strings. 

TcLste , — ^The taste, must not bo acid, though the best flour is slightly acid to 
test-paper. An acid taste, showing lactic or acetic acids, is sure to give an 
acid bread, 

• Smell , — ^Thero must be no smell of fermentation or mouldiness. 

Age of flour is shown by colour, grittiness, and acidity. 

Chemical ExaminatioTii, 

It is seldom that a medical officer will be able to go through a complete 
examination, but he should always determine the following points : — 

. 1. Amount of Waler. — Weigh 1 gramme, spread it out on a dish, and dry 
either by a water bath or in a hot-air bath or oven, the temperature not being 
allowed to go above 200®. The flour must not be at all burnt or much 
darkened in ► colour. Weigh directly the flour is cold ; the loss is the 
percentage of water. 

The range of water is from 10 (in the best dried flours) to 18 in the worst. 
The more water the greater liability of change in the flour, and, of course, the 
less is the amount of nutriment purchased in a given weight If, then, the 
water be over 18 per cent, the flour should be rejected j if over 16, it should 
be unfavourably spoken of. 

2. Amount of Gluten . — ^Weigh 10 granunes (or 100 grains, if there are no 
gramme weights), and mix, by means of a glass rod, with a little water, so as 
to make a well-mixed dough; let it stand for quarter of an hour in an 
evaporating dish; then pour a little Water on it; work it about with the rod,^ 
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and carefully wash, oflf the starch; pour oflf from time to time the starch water 
into another vesseL After a time, the gluten becomes so coherent^ that it 
may he taken in the fingers and worked about in water, the water being from 
time to time poured off till it comes off quite colourless. K there is not time 
to dry the gluten, then weigh ; the dry gluten is rather more than one-third 
the weight of the moist; 1 to 2*9 is the usual proportion; therefore divide 
the weight of the moist gluten by 2*9. If there he time, dry the gluten 
thoroughly, and weigh it. This is best done by spreading it out on a crucible 
lid and di^ng it in the bath. The dry gluten ranges from 8 to 12 per cent. ; 
flour should be rejected in which it f^ below 8. If there is much bran, it 
often apparently increases the amount of gluten by adhering to it, and should 
be separated if possible ; in fact, the gluten, as thus obtained, is never pure, 
but always contains some bran, starch, and fat. The gluten should be able 
to be drawn out into, long threads ; the more extensible it is the better. It 
is always well to make two determinations of gluten, especially if there is any 
disputed question of quality.* 

3. Amount of Ash . — Take 10 grammes, f put into a porcelain or platinum 
crucible, and incinerate to white ash. Weigh. The ash should not be more 
than 2 per cent., or probably some mineral substances have been added; it 
should not be leas than *8, or the flour is too poor in.salts. 

The incineration of the flour requires a crucible and gas. It is difficult to 
do it over a spirit lamp, as it takes a long time. A smcdl charcoal fire is pro- 
bably the best plan when gas appliances are wanting. 

If the ash be more than 2 per cent, add hydrochloric acid, and see if there 
be effervescence (magnesium or calcium carbonate). Dissolve, and test with 
oxalate of ammonium, and then for magnesia, in the same way as in wejber. 
As flour contains both lime and magnesia, to prove adulteration, the precise 
amount of lime and magnesia must be determined^by weighing the incinerated 
calcium oxalate, or the magnesium pyrophosphate. 

If there is no effervescence, add water, and test for sulphuric acid and lime, 
to see if calcium sulphate (plaster of Paris) has been added. In normal flour 
the amount of sulphuric acid is very smalL 

Notice, also, if the ash be red (from iron). , If clay has been added, it will 
be left undissolved by acids and water. 

If magnesium carbonate has been added, the ash is light, and porous and 
bulky (Hassall). 

An easy mode of detecting large quantities of added mineral substances is 
given by Kedtenbacher ; thO floiu* is strongly shaken with chloroform ; the 
flour floats, while all foreign mineral substances fall This is a very useful 
test, t 

If the water be small, the gluten large, and the salts in good quantity, the 
flour is good, supposing nothing is detected on microscopical examination. 
But in all cases it is well, if time can be spared, to have a loaf made. 

Practical Test hy Poking . — Make a loaf, and see if it is acid when fresh, 
and how soon it becomes so ; if the colour is good, and the rising satisfactory. 


* M];. Wanklyn baa proposed to utilise the albuminoid ammonia process for determining 
gluten, reckoning that ICO parts of flour yield 1*2 of ammonia. 

Hh If only a small crucible be employed a smaller quantity should be taken, as it is difficult 
to incinerate ; with a moderately good balance, 2 or 3 grammes may be used. 

X The remaining ingredients can be determined, if necessary, tiSmi the starch water, but it 
is seldom necessary to do so. Allow the starch to subside, pour off the fluid, and wash the 
starch by decantation, then dry and weigh ; take all the water and washings, evaporate to a 
small bulk, add a little nitric acid, and boil ; albumen is thrown down : collect, wash, and 
Weigh. Evaporate the whole of the remainder to dryness, and weigh (mixed dextrine and 
sugar). 
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Old and changing flour does not rise well, gives a yellowish colour to the 
bread, and spe^ily becomes acid. Excess of acidity can be detected by 
holding a piece of bread in the mouth for some time, as well as by test- 
paper. 

Ted for Ergot — There is no very good test for ergot when it is ground up 
with the flour. Laneau’s plan is to make a paste with a weak alkaline solu- 
tion ; to add dilute nitric acid to slight excess, and then alkali to neutralisa- 
tion ; a violet-red colour is said to be given if ergot is present, which becomes 
rosy-red when more nitric acid is added, and violet when alkali is added. 

Wittstein considers this method imperfect, and prefers trusting to the 
peculiar odour of propylamine (herring-like smell), developed by liquor potassae 
in ergoted flour. I have no experience of this point. 

Microscopical Examination, 

This is especially directed to determine the relative amount of flour and 
bi*an, the presence of fungi or acari, or the fact of adulteration by other grains. 

Structure of the Wheat Grain,* — It is necessary to refer briefly to the 



30.— Transverse Section of Envelopes of Wheat. Scale 1000th of an inch. 

structure of the grain of .wheat, as this, of course^ must be thoroughly 
understood. 

There are four envelopes (some authors make three, others five or six — tlio 



Fig. 81.— Envelopes of Wheat (longitudinal section). Scale 1000th of an inch. 

outer coat being divided into two or three), surrounding a fine and very loose 
areolar tissue of cellulose filled with starch grains. 

Envelopes of Wheat- — ^The drawings show the coats in dtu, cut transversely 


* In examining wheat, or any other , cereal grains, it is necessary to prepare them before- 
hand by soaking for some time in water. It will then be found easy to demonstrate the 
different structures. By means of a needle and a pair of fine forceps the ilifferent coats can bo 
removed seriatim, sometimes quite separately, but generally more or less in combination. 
The only one that presents any difficulty is the third coat of wheat or barley, but generally it 
can be found accompanying the second or fourth coats. In the case of barley, the. proper 
external envelope of the grain sometimes adheres to the interior of the husk, where it onglit 
to be looked for in the event of its not beiim on the surface of the grain itoelf. After examin- 
ing the separate coats, sections may be made of the whole nain, so as to see the structures in 
situ. The hairs are generally foimd in a bunch at the end of the grain. The starch grains 
are best demonstrated by picking out a little from the centre of the grain : mixed glycerine 
and water form the best medium for demonstration. 
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and loxigitudinally, also the separate coats. The outer coat is made up .of two 
or three layers of long cells, with slightly beaded walls, ru nnin g in the direc* 
tion of the axis of the grain. The septa are straight or oblique, and, as will 



bo seen, the cells differ in length and breadth. The size can be taken by the 
scale. The hairs are attached to this coat, and are prolongations, in fact, of 
the cells. In the finest flour the hairs and bits of this coat (as well of the 
other coats) can bo found. 



Fi^. 33. — Outer Coat and Hairs of Wheat Scale 'lOOOth of an inch. 

The second coat, counting from without, is composed of a layer of shorter 
cells, more regular in size, with slightly rounded ends and beaded walls, and 
lying at right angles to the first coat, or across the axis of the grain. It is 
impossible to mistake it The third coat is a delicate diaphanous, almost 
hyaline membrane, so fine that its existence was formerly doubt^ Dr 
Maddox, however, has distinctly shown it to have faint lines crossing each 
other diagonally as seen in the drawing, which may be cells. With a little care, 
it is very easily demonstrated. In the transverse section of the envelope it 
appears as a thin white line. Internal, again, to this coat what appears to be 
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another coat can sometimes be made out ; it is a veiy fine membrane, marked 
with widely separated curved lines, which look like the outlines of lai^e round 
or oval cells. The internal or fourth coat, as it is usually called, is composed 



Fig. 34.— Second and Third Envelopes of Wheat. Scale 1000th of an inch. 

of o?xe «r two layers (in places) of rounded or squarish cells filled with a dark 
substance which can bo emptied from the cells. When the cells are empty, 
they have a' remote resemblanco to the areolar tissue of the leguminosse, and 



Fig. 85.— Fourth Envelope of Wheat. Fig. 86.— Fresh Starch-grains o*" *.Vlieat (moistened 
Scale 1600th of an inch. x 860. 


there is little doubt that from this cause adulteration with pea or bean has 
been sometimes improperly asserted. 

Th^ Starijfi Grains of wheat are very variable in size, the smallest being 
almost mere points, the largest jr^th of an inch in diameter or larger. In 
shape the sm^cst are round ; the largest round, oval, or lenticular. It Im 
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been well noticed by Hassall that there is often a singular want of inter- 
mediate-sized grains. The hihim, when it can be seen, is. central, the con- 
centric lines are perceived with difficulty, and only in a small number ; the 



37 — Dried and then moistened Starch-grains of Wheat. Scale lOOOth of an incli. 

edge of the grain is sometimes turned over so as to cause the appearance of a 
slight furrow or lino along the grain. Very weak liquor potasaa3 causes little 
swellings ; strong liquor potassje bulges them out, and eventually destroys 



I — ' ^ 

Fig, 38. — Diseased Flour (Puccinia), 

them, There is no difficulty in seeing if the pieces of envelopes are too 
numerous, but it should^be remembered the best flour contains some. 

Diseases of Flour. 

Fungi , — Several fungi are found in wheat-flour. The most common fungus 
is a species of Puccinia. It is easily recognised by its roimd dark sporangia, 
which are either contoured with a double line, or are covered with little pro- 
jections. It is said not to be injurious by some, but this is very doubtful. 
The symptoms have not been well described. 

^ The smut, or caries, is also a species of Puccinia ; has large sporules, and 
pves a disagreeable smeU to the flour, and a bluish colour to the bread. It 
is said to produce diarrhoea. 

Acarus . — ^^e Acanis farince is by no means uncommon in inferior flour, 
especially if it is damp. It does not necessarily indicate tlmt leguminous seeds 
are present, as sta^. It is no doubt introduced from the grain in the mill, 
as I have found it adhering to the grain itself. It is at once recognised. 
Portions of the skin are also sometimes found. ’ 

Vibrtones. — These form for the most part in flour which has gone to. 
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extreme decomposition, and which is 
cannot be mistaken. 


moist and liecoimng discoloured. They 



fignres, the insects are considerfwy •!*»»• 1“ the leiBest 

each a ventral aspect. In the smallest I»werfnl mandibles, and have 

as^t ; the fomer only pisSssTsli^M^S h«ve drewn’the dS 

in the field of view. It is unlrtiAivn « oetove the first moult ; seveiul ova lie scatteiwl 
ou each side of the ‘>>e capsular organs Ther^;X::^ 


tSrir3£EMrH!=?="^= 

examined to see if they^ are increasing. afterwards frequently 



Fig. 41.— Weevil. Magnified 12 diametew. 
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larva of tlie moth, whicli feeds on cocoa (JE^Jiediia ehdelld)^ 
has sometimes caused great ravages in flour and in biscuits. At Cork and 
Gibraltar many tons of biscuit have been rendered useless by this larva, which 
appears to have been introduced from the cocoa stored for the fleet.* 


Adulteraticm of Wheat-Flour. 

At present there is very little adulteration of wheat-flour in this country, 
but with rising prices the case may be different. Abroad, adulteration is pro- 
bably more common, and the mescal officer must be prepared to investigate 
the point. 

■rile chief adulterations are by the flour of other grains, viz. : — 



Fig. 42. — Barley— Longitudinal Section, 
Scale is the same as that of the Starch-grains. 


Barley, 

Potato, 

Beans and 
peas. 

Maize, 

Oat, 

Rye, 

and other grains noticed farther on. 
All these are best detected by the 
microscope. 

Other adulterations are by mineral 
substances, viz. : — 

Alum, Powdered flint, 

Gypsum, Calcium and magno- 
Ciay, sium carbenatS. 

These are best detected by chemi- 
cal examination (For the detection 
of alum, see the chapter on Bread.) 


Kice, . 

Buckwheat, 

MUlet, 

Linseed, 

Melampy- 

rum, 

Lolium, 


in some 
countries. 


Detection of Barley , — ^This is not easy, but can, with care, be often done. 

The envelopes of barley are the same in number as those of wheat, but they 
are more delicate. The outer coat has three layers of cells ; the wdls of the 
external layer are beautifully waved, but not beaded ; the cells are smaller 
than those of the outer coat of wheat. The second coat, disposed of at right 
angles to the first, as in wheat, is like the second coat of wheat, except in 
being more delicate and not beaded. The third is hyaline and transparent, 
as in wheat. The fourth has the cells similar in shape to the corresponding 
wheat coat, but they are very much smaller, as may be seen on reference to 
the scale, and there are two, or often three, layers. 

The starch grains of barley are very like the wheat, with a central hilum 


* Professor ^uxley has kindly given me some interesting details. The larva of the Ephestia 
dxAtUa (or chocolate moth *') is small, and is never more than half an inch long, ^e 
female moths fly at night in swarms, and lay their eggs on the biscuits or the puncheons which 
hold them. The larvas are soon hatched, and by means of strong jaws and active legs scrape 
and bore their way through crevices ; they eat the biscuit, and spoil more than they eat by 
spinning their webs over the biscuit. Cocoa stores swarm with the moths and larvee, and they 
evei^netrated Into many parts of H.M.S. ** Hercules.^* 

After examining into the ravages caused by these laivis in the biscuit at Gibraltar, Mr 
Huxl^ made the following sujggestions 
1. have no cocoa stored in any place in which biscuits are manufactured. 

2L To head up all biscuit puncheons as soon as they are full of the fteshly-baked biscuit. 

8. Coat puncheons with tar after they are headed up, or at least work lime wash well into 
all the joints and crevices. 

4. Line the bread-rooms of ships with tin, so that if the Ephestia has got into a puncheon 
it may not get into the rest of the ship. 

If other means fail, expose woodwork of puncheons to a heat of 200” Fahr. for two hours. 
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and obscure marking, but are on the whole smaller ; some have thickened 
edge% instead of the thin edges of the wheat-starch grain, but it is very 



Fig. 43. 

Outer Coat and Hairs of Barley (low power). 


X 2tS 

Fig. 44. 

Outer Coat of Barley (higher power). 


difficult, and sometimes impossible to distinguish them. It is theretore 
especially to the envelopes t^t we must attend. 



Fig. 45.— Barley (second and third coats). 

Detection of Potato Starch . — This is a matter of no difficulty ; the starch 
grains, instead of being round or oval, and with a central hilum and obsciue 
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lings, ^ pyriform, with an eccentric hilum placed at the smaller emi, and 
with V(^-inarked concentric rings. Weak liquor potasses (1 drop of 



pharmacopoeial liq. pot to 10 of water) swells them out greatly after a time, 
wliile wheat-starch is little affected by this strength ; if the strength is 1 to 3 
(as in the figure), the swelling is very rapid. 



Fig. 49.- -Medium and emall-eized Potato starch- 
Fig. 48.— Potato Starch x 285. grains, treated with Liq. Pot. Ph. Lond. One- 

See also Plate of Starches. thinl p&rt and x 285. 


Detection of Maize {Indian Com ). — ^There are two envelopes ; the outer 
being made up of seven or eight strata of cells \ there is no transverse second 
coat, as in wheat ] the inter^ coat consists of a single stratum of cells like 
the fourth of wheat, but less regular in shape and size. The cellulose, through 
the seed holding the starch in its meshes, forms a very characteristic structure, 
which on section looks like a pavement made of triangular or square pieces ; 
the cells are filled with the starch-grains, which are very small, and 
ippmpressed, so as to liave facets. They are very different from the smooth, 
round colls of whoat. 




Fig. Sl.—Longitndmal section of Coats of Indian Corn and Cellulose x 190. 


Datedim of Bean and Pea . — ^These adulterations are also at once discovered ; 
the meshes of cellulose are veiy much lai^r than those of the fourth coat of 
wheat, with which it has sometimes been confounded, and the starch-^ains 
are also quite different ; they are oyal or reniform, or with one end slightly 
larger ; they have no dear hilum or rings, but many have a deep central longi- 
tudinal cleft running in the longer axis, and occupying two-thirds or thre^ 
fourths of the length, but never reaching completely to the end ; this cleft is 
sometimes a line, sometimes almost a ch^m, and occasionally secondary clefts 
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abut upon it at parts of its course ; sometimes, instead of a cleft, there is an 
irregular-shaped depression. If a little liquor potasses be added, the cellulose 



Fig. 62.— Bean Starch. 


is seen more clearly. Pea flour is never added to a greater extent thall 4 per 
cent, as it makes the bread heavy and dark. If the flour be mixed with a 
little boiling water, the smeU of the pea or bean is perceptible.* 



Detection of Oat — There are two or three envelopes ; the outer longitudinal 
colls ; the second obliquely transverse, and not very clearly seen ; the cells are 

* A chemical test has been given by Donn^ to detect admixture of garden beans. The 
powder is smeared round the inside of a small vessel ; at the bottom of the vessel seven or 
eight drops of nitric acid are aUowed to fall, and are evaporated by means of a lamp, the 
vessel being partly covered to prevent too rapid evaporation ; when the flour has partly 
become brown, a few drops of ammonia are nut m the capsule, and left to spontaneous evapora- 
tion. A beautiful red colour forms about tne centre of the flour where the action of the nitric 
acid has been neither too strong nor too feeble. A lens will pick out at once the red points of 
the bean flour. This reaction must be marked to be of any value.* Several other tests have 
been given, but are imperfect and really unnecessary, for the microscopic characters are 
•ttfflcient. 

* Alas has given (kcts which apiieur to greatly lessen its value.— SquUUer, Du Subsiti. MiU p. 98. 




Fig. 64. — White Oat— Long, sect., 2d and'Sd^coats not separable, a Compound grains x 100, 

b One do. x 500. 


envelopes are looked for. The staxch-cells are small, many-sided, and cohere 
into composite round bodies, which are very characteristic, and which can be 
broken down into the separate grains 


by pressure. A high power is the V ^ 

best for this. The oat starch does ,6 q i \ 

not polarise light. There is no O © 

difficulty in the detection of the 

starch grains, 

Detection of Rice . — ^The husk of a ^ 

rice is verypeculi^; on the outer 

coat are numerous siliceous granules, ^ ^ 

arranged in longitudinal and trans- ^ 

TOrse ridges (figs. 66 and 67) (a). 

There are numerous hairs, some of ^ Q/Q feS/ 

which are seated over stomata. Be- 0 ^ ^ 

low this is a membrane of transverse ^ ^ 

and longitudinal rough-edged fibres ^ ^)jcf9 jn 

(dc),wMe below these again is a fine ^ 

membrane of transverse angular cells O 

(dt), ' covering a very^elicate mem- 

brane of large cells. The starch cor- ^ * 

puscles ^very smaU, (fig. 66) ; Rice Flour x 850 ; 

angular under low powers j under high powers they are seen to be facetted and 


flCP 5 

I'ff' 


. ^ -nfa- . 

Fig. 66. — Ground Rice Flour x 860 ; 



Fig. 56. —Rice x 170. Fig. 57.— Rice x 178. 

Fig. 56. Transverse section of the Husk of Rice, ) 

Fig. 67. Appearance of Husk as seen in a transparent medium ofglycerineandgum, j ^ 
a, Siliceous granules, arranged in longitudinal and transverse ridges, perforated by openings — 
stomata, some having hairs seated over them, h c, Transverse and longitudinal, brittle, rough- 
edged fibres, d, A fine membrane of transverse angular cells ; these overlie a very delicate 
membrane of laiige cells e. 


Detection of Rye . — ^Tlie envelopes are very like those of wheat, and can 
perhaps be- hardly distinguished. The recent starch grains are also extremely 

like those of wheat, but the older and drier grains 
have sometimes a peculiar rayed hilum. I have 
seen this, however, in very oid wheat, but never 
to the same extent as in rye. 

Rye, if in any quantity, is discovered by 
baking ; it makes a d^k, acid bread. 

Linseed is not a common adulterant. The 
envelopes are peculiar: the external is made up 
of hexagonal cells, containing oil ; the second of 
round cells ; the third of fibres : and the fourth 
of angular cells, containing a dark reddish colour- 
ing matter. 

Buchiiheati (Polygonum Fagopyrum, or Fago- 
pyrum esculentum). — ^like rye, tl^ is only likely 
to be found in wheat conung from the Baltic. 
The drawing sufficiently shows the texture of the envelopes, which is very 
complicated. The starch-grains are small and round, and adhere together in 
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masses. Under a high power there are indications of .'Concentric tings 
Bread made with this grain has a darkish, sAewhat violet, colour. 


^ r^sr&f> 




Q.^Xlye— 1. Transverse section of Testa, &c., x 108 ; 2. Coats in situ from without, x 170. 
' a, External ; b, Middle;; c. Internal coat ; d, Starch-gi*ains, x 108. 


Pig. 60. -Outer coat of Buckwheat, ap- 
parently of irregular and interlining 
nbrospiral cells, separable by boiling 
the testa and maceratii^ it. Onteide 
these cells is a very thin and delicate 
znembranet retaining the marks of at- 
tachment of the spim cells, x 170. 


Interna) coats. The most intemid is com- 
posed of cells with an irregular waved 
outline, and lo^tudinal cells over the 
starch-cells x 170. 


Millet . — In India^ Egypt, C hin a, and West, Coast of Africa, millet of some 







Fig. 61. —Buckwheat— Transverse section of outer, middle, and internal ) xl70. 

coats, with cellulose containing starch grains, . . . j Starch>grains x 500 

MeJampyrum arvense and other species (Purple cow-wheat — Scrophu- 
laridcecb). — This has occasionally been mixed with flour ; it is not injurious, 
but gives the bread (not the flour) a peculiar smoky violet or bluish-violet 
tint. Tliis depends on a colouring matter in the seed, which, when warmed 
with acid, gives the violet colour.* 

Trifolium arveme (Trefoil — Leguminosoe), — ^This also gives the bread a red 
violet colour. It is not known to be injurious. 

Bhinanthua mujor and cristorgalli (Yellow-rattle — Scrophulariaceoi) gives 
bread a bluish-black colour, a moist sticky feel, and a disagreeable sweet taste. 
It is not mjurious. Onobrychia aativa (Sainfoin — Leguminosce) has also been 
used. , 

Lohum temulentum (Rye-grass — Gramineoe, Other species may be used.) — 
This gives the bread no colour, but produces narcotic symptoms, vertigo, 
hallucinations, delirium, convulsions, and paralysis.! Pellischek states that 

* Pellischek, Schmidt’s Jahrb. 1863, Vo. 3, p. 287. ~ 

•f* The peculiar symptoms produced by the Lolium, temiUeniwm, or bearded Darnel, were well 
knovm to the ancients. Pereira states that the first symptoms are gastro-intestinal, such as 
vomitmg and colic, and then cerebro-spinal s^ptoms come on, vis., headache, ^ddiness, 
tinnitus, confusion of sight, dilated pupils, delirium, trembling, and paralysis (IHements of 
Materia Medica, 1850, vol. ii. p. 977). The same effects are producra on animals. Pereira states 
that he did not succeed in obtaining the chemical test noted above, viz., the green alcoholic 
solution and the yellow resin on evaporation. Hassall figures the starch-grains of the lolium 
hS/Spudl sad something like rice ; fifty or sixty may adhere together and form a compound 
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these symptoms do not occur if the gram be dried in an oven before baking, 
or if the bread is left for some days before being used. The detection of the 



Fig. 62.- -Millet Seed— Transverse section of Testa coats, seen from inside ; a, Outer; 
b, Middle ; c, Inner ^at x 170 ; S, Starch-grains x 500. Scale 14000th inch. 

lolium is best effected by means of alcohol, which gives a greenish solution 
Viith i^disagreeable repulsive taste, and on evaporation a resinous yellow-green 
disagreeable extract is left. Pure flour gives with alcohol only a clean straw- 
coloured solution, with an agreeable taste (Pellischek),. 

Bromtis or Serrafdlctis (Erome-grass — Graminece ; different species — 
Arvmm ovSecalmus ), — Pellischek states that the seeds of this plant give the 
bread a dark colour, and make it indigestible. It is probably a most uncom- 
mon adulteration. 

It will be found that when mixed with flour, the microscope will detect 


grain not very unlike the oat. The envelopes are tolerably distinctive ; the cells of the outer 
coat are made up of a single layer, and are disposed transversely instead of longitudinally. 
The second coat is in two layers, and the cells have a vertical arrangement. The third ooat 
is like the inner coat of wheat. This account is taken from HassalL 1 have not examined this 
grain myself. 

It is not very lik^ that any other grains except those mentioned in the text will be mixed 
with wheat flour. I^e seeds of the Peruvian food, the Chtfnopodium Quinoa have not to my 
knowledge been used as a falsification. The starch-grain of the Quinoa are said to be tM 
smallest known. It may be worth remarking that this seed is very rich in salts (2*4 per cent. ), 
and particularly so in iron (*75 per cent.) ; indeed it is, I believe, the richest in iron of any 
vegetable. It is possible that it might be a useful food in some cases of illness. It is fairly 
nutritious and digestible. 

The starch-grains of the acorn, which might perhi^ be added in times of great scarcity, 
would be immediately detected, as they have a very characteristic central depression, and are 
also quite different in shape from the flat, round, smooth starch-cells of the wheat and barley. 

The microscope alone will seldom be able to recognise added mineral matters, because these 
are not in very large quantity, and even in the best floor some small amount of mineral sub- 
stances, derived either from the outer coats or from the mill, can be seen. The addition of 
mineral matters is best determined chemically, but if it is attempted with the microscope, the 
gluten ^ould be separated flrst ; the starch should then be well mixed with water, and then 
allowed to subside m a conical vessel. In the lower part of thel^vessel the mineral matters will 
be found in greatest amount. If a little iodine be added to distinguish the starch-oells, the 
microscope may then recognise perhaps an unusual quantity of round or perhaps angular 
particles. If they are bone or chalk, acetic acid will dissolve them ; if day, the acid will not 
affect them ; or the sediment when chloroform is mixed with flour, may be examined. . 
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readily many of these substances. Detection is often very difficult when the 
flour is made into bread, and therefore, whenever from the bread there is any 
cause of suspicion, means should be taken to obtain some of the flour. 

Oones flour. — flour obtained, from Eevet wheat is used by bakers for 
dusting their troughs, Hass^^ has found this Cones flour to be greatly 
adulterated with rice,* maize, beans, rye, and barley. Sometimes Cones flour 
is mixed with good flour. All these impurities have been already described. 

Cooldng of Flour. 

The effect of heat is to coagulate the albumen, and to transform some of 
the starch into dextrin. Substances are also added to the bread to cause a 
further transformation of the starcL 

Cakes. — The unfermented cakesf are simply made with water and salt. As 
they are very readily made, are agreeable to taste, and nutritious, it is very 
desirable to teach every soldier to make them ; so that in war, when bread is 
not procurable, he may not be confined altogether- to biscuit. The Australian 

damper ” is simply made by digging a hole in the ground, filling it with a 
wood fire, and, when the fire has thoroughly burnt up, removing it, placing 
the dough on a large stone, covering it with a tin plate, and heaping the hot 
ashes round and over it. In a campaign, every soldier, if ho could get flour 
and wood, would soon learn to bake a cake for himself. The only point of 
manipulation which requires practice is not to have the heat too great ; if it 
be above -212“ too much of the starch is changed into dextrin, and the cake 
is tough. Exposed to greater heat, and well dried, the unfermented cakes 
become biscuit 

Maccaroni is flour from a hard Italian grain, moistened with water, 
pressed through a number of small openings, while at the same time ^eat is 
applied. As it is very nutritious in small bulk, and keeps well, it would be 
a good food for soldiers in war if its cost could be lessemed. 

Sub-Section III — ^Biscuit. $ 

To make biscuit, flour is often taken with little or no bran (on account of 
the hygroscopic properties of bran) • but bran is also sometimes used ; no salt 
is added. The simplest biscuits are merely flour and water. Some biscuits 
are made with milk, eggs, &c. 

Choice of Bicuit. — Biscuit should be well baked, but not burnt ; of a light 
yellow colour, and should float in water ] when struck, it should give a ring- 
ing sound ; and a piece put into the mouth should thoroughly soften down. 
It should be free from weevils, which are easily seen. (See page 230 for a 
notice of the Ephestia.) 

Advantages as a Diet, — ^As it contaiiis little water, and, bulk for bulk, is 
more nutritious than l)read, three-fourths of a pound are usually taken 
to equal 1 lb of bread. Its bulk is small, and it is eiwily transported. 

Disadvardages . — ^Like flour, it is deficient in fat After a time, it seems 
difficult of digestion. Perhaps the want of variety is objectionable ; but cer- 
tain it is, that nujn do not thrive well upon it for long periods. In war, it 

* Several samples I have examined contained nothing but rice. This is sometimes sold as 
'Bice Cones.” (F. de C.) 

+ The Ohnpatty of India. . 

X Oomposition of Biscuit:— 

Water, . . . . 8 to 12 Sum, .... 1-9 

Nitrogenous sabstances, . 15 Fat, . . . . , 1*3 

Dextrin, .... 8*8 Starch, . . . . 72 to 75 
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has always been a rule with the best English army surgeons, for more than a 
century, to issue bread as much as possible, and to use biscuit only in cases 
where it cannot be avoided, 

Sub-Sbotion IV.-^Brbad.* 

If carbonic acid gas is any way formed in or forced into the interipr of 
dough, so as to divide the dough into a number of little cavities, brei^ is 
made. 

There are three kinds of bread : — 

1. Carbonic acid is disengaged by a fermentative process, caused by yeast 
or leaven. During the baking a certain amount of performed sugar yields 
carbonic acid ; a portion of starch is converted into dextrin and sugar, and 
also yields carbonic acid ; a little lactic and butyric acids, and extractive 
matters are formed. It is of importance to prevent this change from going 
too far; and herein is one of the arts of the baker; and it is partly to 
prevent this that alum is added, which has the property of arresting the 
change. 

In making bread, the proportions are 20 of flour; 8 to 12 S) of tepid 
water ; 4 oz. of yeast, to which a little potato is added, and 1^ to 2 oz. of salt ; 
280 Jb of flour (1 sack) will give from 90 to 105 4-tt> loaves ; o# 100 Jb of flour 
will make from 129 to 150 lb of bread. If there is 14 per cent, of water, in 
the flour, the bread will contain in the former case 33*1 per cent., and in ilhie 
latter, 42*7 per cent. If 100 lb of flour contain 14 per cent, of water, and 
make 141^ 5) of bread, the bread will contain 40 per cent, of water; the 
baker always endeavours to combine as much water as he can so as to get more 
lowres.^ 6| Tb of dough yield 6 S) of bread. Machines are now generally 
used for mixing the dough (Stevens* Machine). 

2. Carbonic acid is disengaged by mixing sodium or ammonium carbonate 
with the dough, and adding hydrochloric, tartaric, phosphoric, or citric acids. 
Baking powders are compounds of these substances. 

3. Carbonic acid is forced through the dough by pressure (DauglisVs patent 
aerated bread). This process has the great advantage of rendering it impossible 
that the conversion of starch into dextrin, sugar, and lactic acid shall go too 
far. About 20 cubic feet of carbonic acid (derived from chalk and sulphuric 
acid), are used for 280 Ib of flour; and about 11 cubic feet are actually 
incorporated with the flour (Odling), 

Advantages of Bread as an Article of Diet. 

It is hardly necessary to mention these. The great amount of nitrogenous 


* Composition of Bread : — 



Water. 

Nitrogenous : > 
Substances. 

Fat. 

Starches, &c. 

En^ish Baker’s Bread : — 





Maximum nutriment, . . ^ 

88 

8-67 


56*93 

Minimum nutriment, . 

44 

6*93 


48*07 

French Commissariat : — 





Old formula. 

41 

72 


47 

New formula, 

85 

7-9 


62*6 

Austrian Commissariat, . . ' 

46 -60 

6*2 

■■ 

46 


The nitrogen in 100 parts of diy bread, in eleven different armiea (examined by Poggialel; 
varied from 2*26 per cent. (French) to 1*12. per cent. (Pmssian). In the usual English militaiy 
hospital bread it is from *9 to 1*2 cent, of the undried bread> or 1*7 per cent, of dried breacf. 
According to Reichenbach, the crust contains a substance (assamar), which has an influence in 
retarding tissue metamorphosis. 

Q 
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matteTB and starch it shares with flour ; the nitrogenous substance is to the 
carbonUerous as 1 to 6*3 (Forbes Watson, Odling). It therefore i^uires 
more nitrogen for a perfect food. The process* of baking renders it more 
digestible than flour. No satieigr attends its use, although it may be always 
made in the same way ; this is probably owing to the great variety of its 
components. 

Di8adva7itages.-^lt is poor in fat and some salts, especially in the case of 
the finest flour freed from the internal envelope. Therefore we see that the 
practice of using fat with it (butter for the rich, fat bacon for the poor man) 
is extremely common. As to the relative advantages of the three methods oi 
making bread, the last (aeration by carbonic acid) is said to have the advantage 
of making white bread, though the inner envelopes are left ; of not causing 
any loss of starch, or permitting the change to go too far ; of not containing 
any unwholesome yeast. The system of making bread with yeast has been 
objected to on the ground that bad yeast is often used ; the fermentative changes 
go on in the stomach, much carbonic acid gas is d^engaged, and dyspepsia, 
flatulence, and unpleasant sensations, such as heart-bum, are produced. 
There is no doubt that badly prepared bread gives rise to these symptoms, 
though whether this is owing to bad yeast is, I think, uncertain. The second 
method yields a wholesome bread, but is too expensive for common use, and 
it has abo been pointed out that the hydrochloric acid of commerce always 
contains arsenic. The amount would be too small to be hurtful, but 'might 
be of medico-legal consequence. 

Special poirda about MaJcvng of Bread, 

Bread may be of bad colour — rather yellowish, from old flour; from grown 
flour (in which case the changes in the starch have generally gone S^n iS" a 
considerable extent, and the bread contains more sugar than usual, and does 
not rise well), and perhaps from bad yeast. The colour given by admixture 
of bran must not be confoimded with yellowness of this kind. 

Bread is also dark coloured from admixture of other grains, as already 
noticed under flour (rye, buckwheat, melampyrum, sainfoin, &c.) Bread may 
be acid, from bad flour giving rise to an excess of lactic and perhaps acetic 
acids, or, it is said, from bad yeast. In finding the cause of -acidity in bread, 
look first to the flour, which may be old, and a little discolour^ and too* 
acid ; if nothing can be made out, examine the yeast, and change the source 
of supply ; then look to the vessels in which the dough is kneaded, and to 
the water. Enforce great cleanliness on the part of the men who make up 
the dough. In India bread becomes sour from bad cleaning of the flour. Dr 
Godwin, 11. A,* states that at Bareilly the wheat was imperfectly ground in 
small hand-mills ; it was then separated by shifting into four portions, viz., 
bran; “attar,” which corresponds to pollards; “soojie,” which consists of 
gluten and st^h ; and “ maida,” which is nearly all starch. The soojie, from 
imperfect grinding, is granulated, and chiefly used for bread, a small portion 
only of maida being mixed with it. To cleanse the wheat before grinding it, 
it was w^hed and then dried in heaps in the sun; this caused fermentation 
and a rapid development of acidity. The heaps of com were quite hot to the 
feeL A very acid bread was given, but when the wheat was not thus washed 
it yielded a good bread. 

Br^ is heavy and sodden from bad yeast fermenting too rapidly, or when 
.the fermentation has not taken place (cold weather, bad water, or some other 
-oause, will sometimes hinder it), or when the wheat is grown ; when too little 


* Army Medical Bepoit, voL vii. p.. 451, 
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or too mucli heat has been employed. It is said, also, that if the flour has 
been dried at too great a heat (above 200*’^, the gluten is altered, and the 
bread does not rise weU. It is bitter from bitter yeast. 

It becomes mouldy rapidly when it contains an excess of water, 

Eice is used as an addition because it is cheaper; it retains water, and 
therefore the bread is heavier. Eice bread (if 25 per cent, of rice be added) 
is heavier, of closer texture, and less filled with cavities. Potatoes are some- 
times added, but are generally used only in small quantity with the yeast. 

Ahim is added to stop an excess of fermentation, when the altering gluten 
or cerealin acts too mu<^ on the starch, and it also whitens the bread ; it does 
not increase the amount of water ; it enables bread to be made from flour 
which otherwise could not be used. Sulphates of copper and of zinc, in very 
small amount, are sometimes employed for the same purpose. 

For acid flour, Ume water is used instead of pure* water ; lime water has this 
advantage that, while it does not check the fermentation of yeast, it hinders 
the action of diastase on starch. It must be caustic lime water, and not chalk 
and water as sometimes is the case 

After being taken from the oven bread begins to lose weight* The 4-R 
loaf loses, — 

In the first 24 hours, If ounce. 

In 48 „ . . • . . ^99 

,, 60 ,, • . • • • 7 „ 

99 J9 • • • • • 99 

But this is merely an average, and is altered by amount of crusty temperature, 
and movement of air. 

I^ves are generally weighed when hot, and that is considered to be their 
wei^t •In Sie Austrian army, a loss of 2 ’9 per cent in four days is 
permitted. ^ 

When loaves become stale they can be rebaked, and then taste quite fresh 
for twenty-four hours ; after that they rapidly change. 

Old biscuit also, mixed with water, can be rebakod, and becomes palatable. 

In the French army different kinds of bread are used :f ordinary bread ; 
biscuited bread ; bread half biscuited ; bread one quarter biscuitod ; hospital 
bread. The “ Pain biscuits ” is used only on service ; it is baked more firmly 
than ordinary bread. 

Pain de munition ordinaire keeps 5 days in summer and 8 in winter, 
au quart biscuits „ 10 to 15 days. 

„ demi „ „ 20 to 30 „ 

„ biscuits „ 40 to 50 „ 

The French munition loaf weighs 1’5 kilogrammes (3*3 B> avoir.), and con- 
tains two rations of 760 grammes (each 1-65 fi)). The ration of biscuit is 560 
grammes (1‘'2 fl>). 

It would be useful to adopt the practice of strongly baked bread in our 
army ; it is a’good substitute for biscuit 

Compressed Bread. — (See Concentrated Foods.) 

Examincdion of Bread. 

There is, perhaps, no article on which the medical officer is more often 
called to give an opinion. 

General Charcasters. — ^There should be a due proportion, not less than 30 
per cent, of erust ; the external surface should be well baked, not burnt ; the 

♦ For some recent experiments on this point, see Report on Hygiene, Army Medic*U 
Reports, voL xviii. 

T Code des Officiers de Sant4, 1868. 
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crumb should be permeated with small regular cavities ; no parts should be 
heavy, and without these little oella ; the partitions between the cavities 
should not be tough; the colour should be white or brownish from admixture 
of bran ; the taste not acid, even when held in the mouth. If the bread is 
acid the flour is bad, or leaven has been used ; if the colour changes soon, and 
fungi form, the bread is too moist ; if sodden and heavy, the flour is ba^ or 
the baking is in fault ; the heat may have been too great, or the sponge badly set. 

Chemical Examiii^ion. — This is conducted chiefly to ascertain the amount 
of water, acidity, and the presence of alum or sulphate of copper. 

Water. — Take a weighed quantity (say 10 grammes) of crumb, and dry 
in a water bath ; powder, and then dry again in a hot-air bath or oven, and 
weigh ; the water should not be more than 45 per cent. ; if more, the bread is 
pro tanto less nutritious, and is liable to become sooner mouldy. 

Acidity. — This can be determined by a standard alkaline solution. (See 
Beer.) At present few observations have been made on this point, but it may 
be important as indicating bad flour. In good bread the acidity on first 
baking is very trifling ; it increases slightly for five or six days,* 

Alum. — The determination of the presence of alum is not difficult, but the 
quantitative analysis is necessary, since it has been shown by Wanklyn that 
unalumed bread may contain an appreciable amount. Many processes have 
been proposed,! some of which are merely modifications of each other. The 
following seems the most simple : — 

\8t part . — Take at least J ft of crumb, put in a mortar, and soak it well in 
pure cold water ; filter, and get as clear a fluid as possible ; add a few drops 
of hydrochloric acid, and then chloride of barium. If there is no precipitate 
no alum can have been added, and the process need not be proceeded - with. 
If there is a slight precipitate, it may be accounted for by sulphate af liine or 
magnesia in the water added, or of sulphate of magnesia in the salt, or by the 
slight amount of sulphuric acid naturally existing in the grain, or added during 
the grinding. Perhaps the medical officer will know whether the water or 
the salt contains sulphates, and if so, the absence of alum may be inferred. 
If there be a laige precipitate, the presence of alum is probable, but is not 
certain, and the process must be continued, 

2d part. — ^Dupre’s process, as modified by Wanklyn, seems on the whole 
the simplest and least liable to error, as it gets rid of one great source of fallacy, 
namely, the presence of alumina in the liquor potassie, which reagent is not 
required. The process is as follows ; — ^Take 100 gmmmos (=3^ ounces) of 
bread ; incinerate for 4 or 5 hours in a platinum dish to a grey ash ; weigh 
(the ash should not sensibly exceed 2 grammes) ; moisten with 3 C.C. of pure 
hydrochloric acid to separate silica; add 20 to 30 C.C. of distilled water, boil, 
filter ; wash the filter well with boiling water ; add to the filtrate, which con- 
tains the phosphates of calcium, magnesium, aluminium, and iron, 5 C.C. of 
liquor ammonise (sp. gr. 880), which causes a precipitate of these phosphates ; 
then add gradually 20 C.C. of strong acetic acid, which partially clears the 
fluid by dissolving the phosphates of calcium and magnesium ; boil and filter. 
The undissolved part is a mixture of phosphate of aluminium and phosphate 
of iron ; wash, precipitate well with boiling water, dry, ignite, and weigh. 

The iron must now be determined in this precipitate. This may be done 

• In three samples of bread, condemned as inferior, I found 6*2, 6*6, and 8*3 grains of acid 
(reckoned os crystalline oxalic) per lb (—0*89,0*92, and 1*19 grammes per kilogr. In two 
samples bf good bread, but rather underbaked, 4* and 6*8 respectively (—0*67 and 0*76 per 
Jcilogr). For farther experiments, see my Report on Hygiene, Army Medical Reports, vol, 
xviii. (F. de C.). . 

f By Kuhlmann, Lctheby, Odling, Wentworth Scott, Crookes, Hassall, Hadow, Horsley, 
Dnpr4, Wanklyn. 
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by the permanganate, but Wanklyn’s colorimetric test is probably better : it 
is as follows : — ^Dissolve 1 gramme of pure iron wire in nitro-hydrochloric 
acid ; precipitate the ferric oxide with ammonia ; wash the precipitate, dissolve 
it in a little hydrochloric acid, and dilute to 1 litre : one C.C. therefore equals 
1 milligramme of metallic iron ; when used it is diluted 1 in 100 so as to 
make a solution, of which each C.C- contains y^th milligramme ( = 001 of 
a milligramme) Tof metallic iron. To use this, dissolve the phosphates of 
aluminium and iron (obtained by the above described process) in pure hydro- 
chloric acid, and dilute to 100 C.C. Test the solution to see if it give a deep 
colour with ferrocyanide of potassium : if the colour is not too deep take 50 
C.C. of the solution, but if it be deep take a smaller quantity, and make it 
up to 60 C.C. with distilled water, taking care that it is well acidulated. 
Put it in a cylindrical glass and add 1 or 2 C.C. of solution of ferrocyanide 
of potassium : a blue colour is given. In another glass 1 C.C. of strong 
hydrochloric acid is put, and 50 C.C. of distilled water; 1 or 2 C.C. of 
ferrocyanide are added ; the standard solution of iron is then dropped in till 
an equal colour is produced. The amount of iron is then re^ off and 
calculated as phosphate (1 of iron = 2 ‘696 FePO^). Deduct the weight from 
the total weight of phosphate of aluminium and iron; the remainder is 
phosphate of aluminium ( = AlPO^), of which 1 part equals 0* * * § 42 alumina, or 
2*1 dry or 3*9 crystallised potassium alum ; or 1*9 dry or 3*7 of crystallised 
ammonium alum, which last is almost the only kind now in the market. " 

Wanklyn considers that unalumed bread may contain 6 or 6 milligrammes 
( = 0*005 per cent.) of phosphate of aluminium in every 100 grammes of 
bread.* It will be well to deduct this amount from the total amount of 
,phos|>hate of aluminium found; the remainder will represent the amount 
corresponoing to alum added. 

Dr Letheby has also used a decoction of logwood as a test ; a piece of pure 
bread and a piece of suspected bread are put in a glass containing freshly 
prepared decoction, and left for twenty-four hours; the pure bi’ead is simply 
stained, the alumed bread is dark purplish, as the alum acts like a mordant. 
Mr Hadow has also used this test with advantage, but Mr Crooks, after many 
experiments, came to the conclusion that it was valueless.! Mr Horsley has 
used it largely, and estimates it highly. His process is as follows — a tincture 
of logwood is made by digesting for eight hours two drams of freshly-cut 
logwood in five ounces of methylated spirit. A saturated solution of 
carbonate of ammonium is also m^e. A tea-spoonful of each solution is 
mixed in a wine-glassful of water, in a white ware dish ; a slice of bread is 
put in for five minutes, then removed, and allowed to drain ; in an hour or 
two it turns blue if alum be present.| 

Alum is not much used except with inferior bread.§ The amount of alum 
in bread is said to be, on an average, 3 ounces to a sack or 280 of fiour ; if 
the sack gives 105 4-Ib loaves, there will be 16 grains in a 4-B» loaf ; if 
crystallised alum is meant by tl^ there will only be about 8 grains of dry 
alum|| in a 4-ft loaf. Hassall states the quantity to be ^ S> (8 ounces) to 240 


* This equals about 5 or 6 fpraius of crystaUised ammonium alum per 4 lb loaf. 

t Chemical News, Sept. 1862. 

± Chemical News, May 1872. 

§ Rej^rt on Journeymen Bakers, 1802, p.l64. See also Odling’s Papers. Hassall, however, 
found alum in half the loaves examined. A writer in the Lancet (Jan. 1872) states that at that 
date alum waa found in 10 out of 20 loaves, and the amount was from 12 to 96 grains in the 4 lb 
loaf. 

II MitcheU, in hia Treatise on the Falsifications of Food, gave a xnuch greater amount ; but 
there is little doubt his ^umum was not pure. 
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ft of flour, but that the quantity differs for old and new flour* A very good 
witness,* in the inquiry into the grievances of the journeyman bakers, gave 
the quantity at 10 ounces per sack; this would give 41*6 grams per 4-ft loaf. 
"When mixed with flour and baked, the alum is decomposed, part of the 
alumina combines most strongly with phosphoric acid ; and either this or the 
alum itself is presumed to be in combination with the gluten ; bisulphate of 
potassium is probably formed. 

The effects of alum on the flour during the baking have been already 
noticed. The effects on health will be presently considered. 

Cupric Sulphate, — Cut a smooth slice of bread, and draw over it a glass rod 
dipped in potassium ferrocyanide. If copper be present a brick-red colour is 
given by the formation of ferrocyanide of copper. The test is ’.very delicate. 
It is believed to be a very rare adulteration in England. It has been said 
that cobalt is used instead of copper. It is probably a very rare adulteration ; 
it can be detected by the blueness of the ashf 

Potatoes, — If potatoes in any quantity have been added, the ash of the 
bread instead of being neutral is alkaline ; this can only occur from sodium 
carbonate having been added, or from the presence of some salts of organic 
acid, citrates, lactates, tartrates, which form carbonates on incineration. But 

it be from sodium carbonate, the solution of bread will be alkaline, so tliat 
it can be known if the alkalinity is produced during incineration. If so, it is 
almost certain to be from potato. 

ExamiimUori of Yeast, — Common brewers* yeast is not likely to bo 
adulterated. If any solid mineral substances are mixed with Grerman yeast, 
they are detected either by washing or by incineration. Dr Letheby found 
German yeast, imported in 1863, to be adulterated with 30 per cent, of nipe- 
clay. # * 

Microscopical Emmination of Bread, 

Under the microscope some starch-cells can be seen, but they are generally 
enlarged and partly broken up ; often they are broken up altogether, and 
form little angular masses which might be mistaken for rice starch-grains. 
The gluten forms little stringy masdes. Sometimes with a low power some 
dark points are seen ; under a high power, 500 or 600 diameters, these are 
found to be formed of a number of dark little rods joined together. This is 
a kind of bacterium often found in large quantities in yeast, and is carried 
into the bread. It must not be mistaken for an impurity. 

Fungi, — The most common fungus is a kind of Penidllium {sitophilum and 
roseum), greenish, brownish, or reddish yellow colour ; sporules, sporangia, 
and mycelium can all be seen. The Oidium aurantiacufn has iK^en several 
times detected in France and Algeria ; it is distinguished by its orange-red 
coloim. A greenish mucor is often found in bread, I have not yet seen the 
Puccinia so common in flour. 

Microscopical Emmmaticyfi for Adulteraticms, 

nice flour cannot be detected unless it is in very large quantity ; then the 
number of small angular grains may create suspicion, often unfortunately 
nothing more than suspicion. Potato starch is often completely broken up 
and cannot be detected ; potato itself is used, little masses of it can often be 
foum^ and some starch-grains with eccentric hiliim. Incineration for the 
alkaline ash is useful in this case. 


Report on the Journej^ra Bakers, 18C2, p. 163. Some of the statements are beyond even 
this wount—l to 4 Ib per lOM ?) loaves (p. xxxvL) ; but this is probably an exoneration. 

+ I have to toank my fnend ii Campbril Brown for this infonnation. 
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' Bean and pea flour, if znoie than 4 per cent., give a dark colour to the 
bread, the starch cells can often be found ; moistening the bread with hot 
water sometimes produces the peculiar smell of the pea. 

The microscopical examination of bread for adulteration is unsatisfactory; 
the flour should be examined instead, whenever it can be obtaiaed. 

Diseases cmneded with the Quality of Flour and Bread. 

1. The Flmr (yngi^uMy had. — ^It may be ergoted, or grown and fermenting, 
or with fungi forming. An anomalous disease approaching to ergotism should 
lead at once to an examination of the flour. G^e fermenting flour produces 
dyspepsia and diarrhoea ; the heat and moisture of the stomach, no doubt, 
excite at once very rapid fermentation ; the gluten, already metamorphosing, 
acts very energetically on the starch, and carbonic acid is rapidly developed ; 
hence uncomfortable feelings, flatulence, imperfect digestion, and diarrhoea. 
It is to remedy this condition of flour that alum is added, and some of the 
effects ascribed to alum may be reaUy owing to the flour. 

The most important disease connected with flour is, however, ergotism ; this 
is less common in wheat than in rye flour, but yet is occasionally seen. 
Sometimes ergoted meal produces at once violent stomach and intestinal 
symptoms, at other times primary digestion is well performed, and the early 
symptoms are great general depression and feverishness, ushering in the local 
symptoms of acrodynia. .. 

2. Flour originally good^ hut altering either from age or from not having 
heen well dried. — ^The bread is often acidj-and sometimes highly so ; this may 
produce diarrhem, though I have known such bread used for a long time 
\rftliout this effect ; usually persons wiU not eat much of it, and thus the 
supply^f nutriment is lessened. If the bread be too moist, fungi form, and 
the Oidiutn aurantiacum^ in particular, has been known in Algiers to give 
rise to little endemics of diarrhoea (Boudin and Fostecr),* The Mucormuced.o 
either does not produce this, or rarely. It. should be remembered, however, 
that mouldy oats (the fungus • being the Aspergillus) have given rise to 
paralytic symptoms in horses, so that these fungi are to be looked on with 
suspicion ; f and a now case of the kind has lately been reported by H. 
Hoffman in Giessen (Virchow’s “Archiv,” band xliii. p. 173). Professor 
Yamell also states J that six horses died in three days from eating mouldy 
oats ; there was a large amount of matted mycelium, and this,* when given to 
other horses for experiment, killed them in thirty-six hours ; there was a 

peculiar growth ” on the mucous membrane of the small intestine. It is 
not known that the Acarus so common in flour has any bad effects when 
eaten. 

3. Suhsfanccs added. — Alum, of course, is the chief substance ; there has 
been much difference of opinion as to its effects. It has been asserted to 
produce dyspepsia ; to lessen the nutritive value of bread by rendering the 
phosphoric acid insoluble, and to be also a falsification, inasmuch as it permits 
an inferior flour to be sold for a good one. The last allegation is no doubt 
correct ; the second probably so, as there is little doubt of the formation, and 
none of the insolubility, of phosphate of alumina. The first point is more 
doubtful, though severd physicians of great authority (Carpenter, Dundas 
Thomson, Gibbon, Normandy) have considered its action very deleterious, and 
that it causes dyspepsia and constipation. Pereira considered that whatever 
may have been the effect in the case of healthy persons, sick persons did really 

* Archives Gen. de M4d., 1848^ p. 244. . 

+ Sanderson's Report in Syd. Sop. Year-Book for 1862, p. 462. 

t Journal of the Society of Arts, April 1865* - 
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suffer in that way. A question like this is obviously difiScult qf that strict 
proof we now demand in medicine, and personally I have been able to come 
to no cohclusion. Seeing, indeed, that the usual effect of bad flour is 
flatulence and diarrhoea, if constipation were decidedly produced by bread, it 
would be more likely to proceed from alum than from any other ingredient 
of the bread. Looking again to the fact that sometimes bread has contained 
large quantities of alum, — sometimes as much as 40 grains in a 4-ft lotrf, and 
probably more, — we get an amount in an ordinary meal which (if the 
aluminium phosphate is an astringent) might very well eause constipation. 
Looking, then, to the positive evidence, and the reasonableness of that 
evidence, it seems ta me extremely likely that strongly alumed bread does 
produce the injurious effects ascribed to it. 

The addition of alum is forbidden by law. 

. Sulphuric acid is said to be added* before grinding instead of alum ; it has 
the same power of preventing decay. 

As already stated, lime water may be used, and with advantage. 

Suljfhate of Go^pper. — The amount used is so small that it seldom produces 
any symptoms ; still it is possible that some anomalous cases of stomach 
irritation might be owing to this. 

Lead. — ^Dr Alford, f medical officer for Taunton, reports a case of poisoning 
from lead getting into flour. Six or seven families, including 15 to 20 
persons, suffered, some very severely. The water was analysed but no lead 
found, and then it was noted that the persons attacked all got their flour from 
the same milL On making inquiries it was found that the millstones used 
Imd (from the nature of the stone) large spaces in them, which had been filled 
up with lead ! It was mentioned at the meeting of the sanitary authorijjf, 
by one of the members, that lead was not usually employed in that wSy, that 
what was generally us^ was reddead and borax, or alum and borax, both 
highly objectionable. If such be the case this is another possible source of 
alum, which ought to be recollected. 

The LoUum temulentum gives rise to narcotic symptoms (see ante). 

Flour from other Grains, — It is not known whether the addition of 
potatoes, rice, barley, peas, &c., in any way injures health, except as it may 
affect nutrition or digestion. Occasionally, in times of famine, other sub- 
stances are mixed- — chestnuts, acorns, &c. In 1835, during famine, fatal 
dysentery appeared in Kdnigsberg, ©whig to the people mixing their flour 
with the pollen of the male catkin of the hazel bush. In India the use of a 
vetch, Lathyrm sativus (kessaree-dboU), with barley or wheat, gives rise to a 
special paralysis of the legs, when it exceeds one-twelfth part of the flour 
(Irvine in “ Indian Annab ”) ; the L. dcera has the same effect, t During 
the siege of Paris, straw, to the extent of one-eighth, was introduced into the 
bread ; tl^s had a very irritating effect. 

SECTIOlSr III 
BAELEY. 

As an article of diet barley has the same advantages and disadvantages as 
wheat. It is said to be rather laxative (Pereira), and I have myself noticed 

* Dr Angus Smith, Annual Report of the Manchester and Salford Sanitary Association for 
1868.— Report of Sub Committee. 

+ Sanitary Record, May 26th, 1877. 

X Dr Irvine has lately r' Indian Annals,’’ Jan. 1868) again described the 8ym|>toms produced 
by the keu»aree-dhoU or Lathy ms. The first symptoms are gastro-intestinal irritation, and the 
jMurapldgia follows on thto 
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tiiat either |rom this cause, or from the imperfect ^paiation of the sharp 
husks, barley bread is particularly unsuited for dysenteric cases. It contains 
rather more protein b^es than wheat, and these consist of gluten-casein, 
gluten-fibrin, mucedin, and albumen.* It is certainly very nutritious, and 
the Greeks trained their athletes on it. Its richness in phosphoric acid and 
iron render it particularly adapted for this. 

Choice of Barley . — (Scotch or pot barley, viz., the grain without the husks.) 
For the barley grains the same points are to be attended to as in wheat. 

For the pearl barley (which is merely the grain rounded off), the best tests 
are the physical char^ters, colour, freedom from dust, grit, and insects, and 
the test of cooking. 

The patent prepared or powdered barley should be examined with the 
microscope j any kind of cheaper grain may be mixed with it. (See figures 
of barley and other grains.) 

Diseases arising from Altered Quality . — ^These are the same as those of 
wlieat — viz., indigestion, flatulence, and drarrhoea. I am not aware that there 
is anything peculiar in the action of diseased barley as distinguished from 
wheat. 


SEGTION IV. 

OATS. 

Oats have been considered even more nutritious than wheat or barley, and, 
certainly, not only is the amount of nitrogenous substance great, but the pro- 
portion of fat is large. Unfortunately, the nitrogenous substance has no 
adfeesivg property, and bread cannot be made ; the amount of indigestible 
cellulose is large. But, on the other hand, oatmeal has the great advantage of 
being very re^ily cooked, much more so than wheat or barley. The late 
researches of Kreusler (Eitthausen, qp. dt. p, 125) show that the nitrogenous 
substances of oats contain gliadin, and especially gluten-casein. This last sub- 
stance is that called “ avenin ” by Norton and Johnstone ; it approaches very 
closely to the legumin of peas and beans, and is so c^ed by Eitthausen. In 
nutritive properties it causes oatmeal to stand nearer to the Leguininosae than 
the cereals do. It contains double as much sulphur as the legumin of peas. 

For this reason, and because it contains much nutriment in small bulk, 
because it can be eaten for long periods with relish, and keeps unchanged for 
a long time, it would seem to be an excellent food for soldiers during war — an 
opinion which does not lose in. force, when we remember that it formed the 
staple food of one of the most martial races on record, the Scotch Highlanders, 
whom J ackson considered also one of the most enduring. Formerly, when oats 
were badly cleaned, intestinal concretions of the husk and hairs were*common 
among tho^e who lived on oatmeal, but these are now uncommon. It has been 
thought to be' “ heating ” when taken continually, but this is probably a pre- 
judice. The supporting l|ualities of oatmeal used as a drink, made into a thin 
gruel, are testifi^ to in hard work by the chief and divisional engineers of 
the Great Western Eailway.f 

AdtUieraiions, — ^Barley-meal and the husks of barley, of wheat, and of oat 
itself, are added very frequently. A single look through the microscope 
detects the round and smooth l^ley starch ; the envelopes are recognised 
with very little more trouble. Bice and maize ore also sometimes used. 


* Ritthauaen, op. eU. p. 108. 

t On the issue of a spirit ration during the Ashantee Campaign of 187^ Appendix ii, by 
B. A. Parkes, M.D., F.R.S., Ac., 1874. 
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The drawings already given will also enable these substances to be detected. 
Hassall found about h^ the samples of oatmeal adulterated. 

Choice of Oatmeal , — ^There should be a good proportion of envelope, but 
no branny character, which usually arises from barley husks ; the sta|ch 
should not be discoloured. A microscopic examination should dways be 
made, both for adulterations and AcarL 

SECTION V. 

MAIZE AND RYE. 

Both these grains are very nutritious ; maize contains a large quantity of 
yellowish fat (6 to 7 per cent.) The gluten cannot be washed out as in wheat, 
though this was stated by Gorham, who found a special substance which he 
termed Zein.” This is called ‘‘ maize-fibrin by Eitthausen. It requires 
very careful cooking, as otherwise much passes out undigested. My friend. 
Dr Johnston, has communicated to me the particulars of an outbreak 
of diarrhoja in a military prison clearly due to badly cooked maize. It should 
be soaked in water, but not too long (two to four hours), and then thoroughly 
boiled for several hours (four to six) at a rather low heat. Maize cakes are 
both palatable and nutritious. 

Eye makes a very acid dark bread, which causes diarrhoea in those unaccus- 
tomed to it ; custom, however, soon remedies this, and, as far as nutritive 
value goes, it appears equal to wheat. It contains less vegetable fibrine, and 
more casein and albumen, and a peculiar odorous substance. 

Diseases connected toith Maize and Rye, ^ ^ 

It is presumed that alterations in the flour will produce the same diseases 
as in the analogous case of wheat. Ergotism is, however, more common in rye 
than any other grain. The Pellagra of Lombardy has been ascribed to a 
fungus (Verderame, or Verdet) forming in the maize. Many volumes, with 
different statements, have been written on this point, and it is stiU doubtful 
whether or not the Verdet has this effect. The evidence is not sufficient, but, 
on the whole, seems to me most in favour of the view which connects Pellagra 
with diseased maize. 


SECTION VI. 

. BICE. 

The whole grain (paddy) deprived of the husk is sold as rice. There aro 
many varieties, of different colours (white, red, brown ] ) and composition. . 
The amount of nitrogenous matter varies greatly, from 3 to 7*6 per cent, of 
the moist grain. As an article of diet^ it has tl^ advantage of an extremely 
digestible starch-grain, and, like the other Cerealia, there is a groat admixture 
of substances ; it is, however, poorer in nitrogenous substances than wheat, 
and is much poorer in fat. Consequently, among rice-feeding nations, 
leguminous seeds are taken to supply the firsi^ and animal or vegetable fats to 
remedy the latter defect. Eice is also poor in salts. 

Cooking of Rice , — It should properly be steamed, not boiled, and the 
steamir^ should be thoroughly done, eli^ the starch-grains aro not swollen 
and di^tiblO. If boiled, it should be for a long time at a low temperature ; 
the rice (or conjee) water contains some albuminous matter, and the grain 
loses in nutritive power. 

Choice of Rice , — ^The grains should be clean, without grit ; the individual 
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grains without spots or evidence of insects. The size vajies much, according 
to the kind ; the large kinds usually command the highest market prico.'^ 

Comjparism of the foregoing Qraim — Order of Richtieae. 


Kitrogenons 

Substances. 


Wheat. 

Barley. 

Bye. 

Oats. 

Maize. 

Bice. 



Bice. 

Maize. 

Wheat. 

Bye. 

Oats. 

Barley. 


Bailey. 

Oats. 

Wheat. 

Bye. 

Maize. 

Bice. 


SECTION VIL 

MILLET, BAGGY, BUCKWHEAT, GRAM. 

Various other grains belonging to the Cerealia, or to other natural orders, 
but having similar properties, are used as food in different countries. Of 
these, the above named are chiefly those the medical officer may have to 
report on. 

^ Millet is used largely in Africa (west coast) and Algeria, in Italy, Spain, 
Portugal, some parts of India, China, &c. 

English Names. Botanical Names. Indian Names. 


Common millet, 


^malkmillet. 
Spiked millet, 


Panicum miliaceum, 


{ Sorghum or Panicum 
vulgare. 


Indian Names. 

{ Sawee Chennawaree 
(Hindustani). 
Varagoo (Tamul), 

{ Dhurra (Arabic). 
Cholam (Tamul). 

Joar or Jowree ^Hind.). 
( Bdjra or Bajree (Hind.). 
( Cumboo (Tamul). 


Eleusine corocana, 


Spiked mUlet, Ponicillaria spicata, j (Tam^lP 

Golden>coloured millet, Sorghum saccharatum, 

Italian millet, Setaria Italica, { 

German millet, Setaria Gcrmanica, 

{ Raggee or Baggy (Hind., 
Canarese, and Tamul). 
MurhaandMaudintho 
N. Prov. of Hindustan. 

The table sufficiently expresses the composition of most of these.+ 

In parts of Meal {freed from Bran). 


tod 

^r^o?MinSr much Med In In. 
(Common MUlet). ^a,en«n. 


Water, . . . . , 12-22 11-8 

Kitroffenous sabstances, . 9*27 10*13 

Dextmi, .... 9*18 

Sugar, 1*80 

Fat, 7*48 

Starch, , . , . 69*04 

Silica,'. . . . . 0*11 


* The laiger grains— especially the American kinds— have often much less flavour than tho 
smaller and less attractive Indian kinds. 

t The native names of the Indian grains and pulses used, especially in Southern India, are 
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The asli is about 3. per cent, in Panicum^ 2’6 in Penicillaria, and 1*7 in 
Sorghum. When freed from silica, which is present in large amount, the ash 
contains 20 per cent, of potash, 24 of magnesia, a little soda, no lime, and 
about 60 per cent, of phosphoric acid. 

The other millets ((Setaria germanica and Panicum sanguincde) are very 
similar in constitution. 

Millet bread is very good, and some was issued to the troops in the last 
China Expedition. This should always be done in a millet country, if wheat 
or barley cannot be got. In Iforthem China millet is almost exclusively 
used. 

Eaggy or Eagee, Murha and Maud of the upper provinces (JEleusine 
corocana)y a millet, is largely used in Southern India (Mysore), and in some 
parts of Northern Hindustan, and is considered even more nutritive than 
wheat.* It is very indestructible, and can be preserved for many years (even 
sixty) in dry grain pits. 

Buckwheat t and Gram are not so likely to be used. The former is poor in 
nitrogenous substances and fat, but makes a fair tasting bread. 

Gram bread or cakes have been occ6isionally used in India for Europeans, 
and this use might be extended ; the cakes are palatable, and extremely 
nutritious, as may be seen by the tables (see note, page 253). 

SECTION VIIL 
LEGUMINOS-E.4: 

The Leguminosae, in respect of dietetic properties, are broadly distinguished 

— ^ 

given vei^jfully in a paiwr by Mr Elliot (Edinburgh Philosophical Journal, July 1862) ; and 
also in Mr^mtsh’s excellent paper (Madras M«dicu Journal, February 1864). 

* For the Indian grains and pulses. Dr Forbes Watson’s admirable paper can be consulted, 
also the papers by Mr Elliot and Dr Cornish already referred to, 

t Pfdygonum Fagopvrum, or Fagopyrum esculentum (Buckwheat), used in some psirts of 
Bussia, Germany, and Franoe. 

In 100 parts. 

Water, . , . 12764 Sugar, .... 0 914 

Nitrogenous substances, 2-646 Fat, .... 0*943 

Dextrin, , . . 2*860 Starch, . . 79*894 

The ash is about 1 *09 per cent., and contains chiefly potash, magnesia, and phosphoric acid. 
Other species of buckwheat are P, tataricum and P. emarginatum. 

Composition of Dried Grain : — 



IHsum sativum — 
Peas. 

Pheueolus vutgarU 
-—Kidney Bean. 

Vicia Faba — Com- 
mon or Broad Bean. 

Water, ... 

14’5 

16 

12*8 

Le^min, albumen, and gluten- 1 
Uke substances, . . . ) 

22*8 

22*5 

22 

Cellulose, . . . , 

4-9 

4*4 

5 

Starch and Dextrin and Sugar, • 

62*6 

49*9 

62*6 

Fat, . .... 

2 

2 

1*6 

Chlorophyll, .... 

1*2 

... 

... 

Salts, 

2*4 

2*4 

2*5 

Potash, 

*86 

*98 

*62 

Soda, ..... 

•16 

•24 

*34 

Lime, 

•1 

*23 

•16 

Magnesia, . . . , 

•18 

1 -18 

•2 

Iron, . 

•023 

•001 

•03 

Fho^horic acid, . . 

•86 

*64 

•9 

Solphurio acid, . . 

•077 

•07 

•08 

Chloride of potassium, 

•067 


... 

Chloride of sodium, . . ^ . 

•044 


, , 

Chlorine, . .... 

... 

•626 

•06 
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from other vegetables by their very large a,mount of nitro^nous substance, 
called legumin or vegetable casein ; there are in addition, a little albumen and 
other protein bodies. The advantages of peas and beans as articles of diet 
are the great amount of this substance, and the existence of much sulphur and 
phosphorus in combination with the legumin; in salts also they are a little 
richer than the Cerealia, especially in potash and lime, but are rather poorer 
in phosphoric acid and magnesia; 1 fi> of peas contains about 168 grams of 
salte. The disadvantage of peas and beans are a certain amount of indigesti- 
bility; about 6*6 percent, of the ingested pea passes out unchanged, and 
starch-cells, giving a blue reaction with iodine, are found in the fieces ; much 
flatus is also produced by the sulphuretted hydrogen formed from the legumin. 
Still, they are a most Valuable article of food, and always ought to be used 
when much exercise is taken, as they are an excellent addition to meat and 
Cerealia. Both men and beasts can be nourished on them alone for some 
time. Added to rice, they form the staple food of large populations in India.* 
Mr Cornish mentions that, in the Sepoy corps, the men are much subject to 
diarrhoea from the too great use of the "dhoU” {Cajanm indicus). 

Choice of Pea. — By keeping, peas lose their colour, become very pale and 
much shrivelled, and extremely hard. Anything like decomposition, or 
existence of insects, is at once detected. The powder does not keep very 
long ; the whole peas should be split. 

The microscope should be used to detect the Acarus, The characters of 
the Pea and Bean Starch have been already given. 

Cooking of Peas and Beam. — They must be boiled slowly, and for a long 
time, otherwise they are very indigestible. If old, no amount of boiljLng 

* ftens them ; in fact, the longer they are boiled the harder they ^come ; 

ey sBould then be soaked in cold water for twenty-four hours, cru|h[^ and 
stewed ; in this way even very old peas may be made digestible and fi^table. 
Chalk-water must be avoided in the case of peas as of other vegetables, as the 
lime-salts form insoluble compounds with the legumin. 

Lathyrus saiivus {B[assaree-dholl of India). — Occasionally in Europe, and 
constantly in some parts of India, this vetch has been used when mix^ with 
wheat or barley flour for bread. When used in too great quantities, it 
produces (without there being necessarily any alteration of the grain ? ) con- 
stipation, colic, and some form of indigestion, and if eaten in large quantity^ 
paraplegia. It is also injurious to horses, but less so to oxen. In Bengal, 


* Chief Indian Peas and Beans (after Forbes Watson), in 100 parts (without husks) : — 



Pimm 
satfvum— 
Analysis of 
IndlanPea, 
Bombay 
and Benfcal 
(Buttamee, 
Hindus- 
tani). 

• Oc^anus 
indictu — A 
Pea called 
Dholl or 
Toor-dholl 
in India. 

Phcu«du$ 
— Ooreed 
of India. 

SoJt$ his^ 
pida--iX 
Bean) 
Bhoot of 
India. 

JMiehot — 
(A Bean) 
Wall or 
Ghot'Wall 
or Cooltee 
of India. 

Srvttm 
Lent — ^Len- 
til, called 
Dholl, like 
the Cajan- 
ns, or Mus- 
soor in 
Hindus- 
tanLt 

Ciceraris^ 
tinum — 
Gram or 
GramdhaB. 

Water, 

11-79 

10-68 

12-44 

10*25 

12-03 

11-84 

11-89 

Nitrogenous sub - ) 
stances^ . . ) 

27-96 

22-18 

24-73 

38-83 

28-27 

25-15 

22-70 

Fat, . 

1-47 

l-96t 

1-36 

10-51 

2-20 

1-26 

8*76 

Starch, 

56-36 

62-13 

58-76 

26-65 

59-38 

59-85 

63-18 

Mineral Matters, 

2-48 

8-11 

8-17 

4-14 

8-19 

1-92 

2-60 


f Not liked by the Hindus, on account of its red biood-like colour. 
t A little oil is often mixed witb Dholl, which increases the fatty matter to 8 or 4 per cent. 
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Dr Irving* found in some villages no less than from 10 to 16 per cent of the 
people punlytic from this cause. 

From its composition, it would not appear to be innutiitious. Without 
husks, it is composed of — * 

Nitrogenous substances, 27*96 * Ash, . . . 2*48 

Fat, . . . .1*47 Water, . , , 11*72 

Starches, • . . 66*30 

SECTION IX. 

STARCHESt AND SUGAR. 

Sud-Sbotion L — ^Arrowroots. 

Maranta Arroinroot (W est Indian). — ^The chief kind is obtained from the 
Maranta arundinacea. The quality of Maranta arrowroot is judged of by 
whiteness ; by the grains being aggregated into little lumps, and by the jelly 
being readily made, and being firm, colourless, transparent, and good tasted. 
The jelly remains firm for three or four days without turning thin or sour, 
whereas potato flour jelly in twelve hours becomes thin and acescent. Under 
the microscope the starch-grains are easily identified. They are slightly 
ovoid, like potato starch, but have a mark or line at the larger end (the hiln m 
of the potato starch is at the smaller end), the concentric lines are well 
marked. The most common adulterations are sago, tapioca, and potato starch. 
All these starch-grains are readily detected by the microscope. 

Curcuma Arrowroot — Arrowroot obtained from the Curcuma has the same 
physical characters as Maranta, but under the microscope the starch-grains are 
large luld oblong, marked with very distinct concentric lines, which, hipwevdfj" 
are not entire circles, having an indistinct hilum at the smaller end. 

Manihot Arrowroot — This is obtained from Eio. The starch-grains are 
very marked. (See Plate of Starches.) 

Tacca or Otaheiti Arrowroot — I have never seen this arrowroot, but 
Hassall gives a figure which shows that the starch-grams resemble those of 
the Manihot. 

Arum Arrowroot — ^The Arum or Portland arrowroot has small, angular, 
and facetted starch-grains, which cannot be confounded with any of the 
former. They are a little like maize. This is sometimes called Portland 
Sago. 

British or Potato Arrowroot — ^Under the term “ Farina,” potato starch is 
sold in the market ) so white and cmckling, and making so good a jelly, that 
it is not always easy to distinguish it from Manihot. The microscope at once 
detects it (see page 232). The pear-shaped ^ins, marked hilum towards the 
smaller end, and the swelling with weak Uquor potassse, render a mistake 
impossible. In making the jelly a much larger quantity is required than of 
the Maranta arrowroot. 

Ganna or Tons les Mois Arrmoroot — The starch grains are like those of 
the potato, but much larger, and the concentric lines are beautifully marked 
and distinct. (See Plate of Starches.) 

Sud-Sbotion IL — ^Tapiooa, 

This is obtained from the finest part of the pith of Jatropha manihot or 
Cassava, . 

* Indian Annals, 1857. Ibid., Jan. 1868, p. 89, Dr Irvine notices the resexublance of the 
symptoms to the Barbiers of Bontius. 
t 8ee table p. 255 ; and plate of drawings by Dr. Maddox farther on. > 
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Under the microscope the staxch-giains are small^ mth a central hilum; 
and sometimes three or four adhere together and form compound grains. 

It is adulterated with sago and potato steuxsh, both of which are easily 
detected by the microscope. (See Plate of Starches.) 


Sub-Sbotion IIL — Sago. 

The best kinds are derired from the sago palm (Sagm farinifera)^ but the 
sago of the Cycas cirdnalis is also sold ; it is, however, inferior. 

Granulated sago is either “ common or pearl ; ” the latter is chiefly used 
in hospitals. The starch is soluble in cold as well as in hot water. The 
starch-grains are elongated, rounded at the larger end, and compressed at the 
other ; and hence their shape is quite different froin the potato starch. The 
hibim is a point, or more often a cross, slit^ or star, and is seated at the 
smaller end ; whereas, as in the Maranta arrowroot^ the hilum is at the larger 
end. Emgs are more or less clearly seen. 

In the market is a factitious sago made of potato flour. This is sometimes 
coloured red or brownish, either from cochined or sugar. In thirty specimens 
Hassall found five to be fictitious. The microscope easily detects potato 
starch. 

It is sometimes difficult to remember the characters of the different forms 
of starch, but it may be to a certain extent facilitated by a tabulated arrange- 
ment. The following table has been compiled by Dr J. D. Macdonald, 

F.E.S. 


Microscopical discrimination of the principal Arrowroots and Starches. 


Stgrches with isolated smooth or unfacetted grains, being originally free 
in the cell cavity. 


Generftl Characters. 


FartloiUar Characters. 


•^ame. 


Form. 


A.— Contour 
'ovoid. 
Hilum ' 
eccentric. 




Hilum. 


Hilum at 
the small 
end, grains 
large. 


' Form. HUwn. 

Outline even. Con- Hilum distinct, 
tinuous rings, in- 
cluding more than 
half the grain. 

Outline even. Con- ^ Hilum distinct, 
tinuous rings, in- 3 
eluding less than | 

^ half the grain. v Hilum indistinct. 


r Outline uneven, 

often with beak- 


Hilum at 
the larger 
end, ^ins 
medium ^ 
sized. 


like projections. 

Outline more even, 
beak less frequent- 
ly seen. 


Hilum slit-like, tri- 
radial or crucial. 


Hilum similar, but 
less apparent. 


I Whole grain still Hilum similar, but 
I smoother and still less marked. 
I, more regular. 


Potato ; British 
arrowroot. 


Toils - les - nioia 
(Canna) arrow- 
root. 

Curcuma arrow- 
root. 

Bermuda (Maran- 
ta) arrowroot. 


St Vincent arrow- 
root. 


Natal arrowroot. 


B.-M3ontour 

oval. 


{ Hilum 
longitudinal, 
linear 
lateraL 


f Grains often broad 
and reniform. 


I Grains narrower and 
more uniform. 


Hilum deft-like, 
pickered, irregu- 

Hilum less puckered 
and more regular. 


Bean starch. 
Pea starch. 


C.— Contour ( Bllum 

round. ( central. 


/Form lenticular. 
(Form sphericaL 


/Surfece convex at Wheat starchy 
j the hilum. 

j Surface depressed at Barley starch. 
( the hilum. 

{ Hilum often deeply Rye starch, 
fissured, star-like. 
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IL Starchea with the grains &fietted by original juxtaposition in the cell 
cavity. Hilum central. 

^Grains very large. Sago. 

rHilmn often i (Ring* Mnaons. 


A.— Often 
rounded 


presenting the 
free surface of 


groins originally superficial ] 


) cluster. 


cavernous. 


B. — ^Altogether facetted. 


Hilum 
. late. 


Hilum 

late. 


Btel- 


stel- 


SmaU. 

(Sago in miniature.) 
Small. 

(Like Tapioca without 
preparation.) 

Small. 

(Discoidal with facetted 
margin.) 


Hilum incon-jy ^j 
spicuous. J 


Tapioca. 


Bio arrowroot. 


Maize. 


('In rounded ‘glo- 
meruli or com- 
pound grains^ 
and free. 

Closely packed 
in the cells, 
and fired. 


Oats. 


Rice. 


Sub-Sbotion IV. — Sugar. 

Choice and Examination . — ^The sugar should be more or less white, crys- 
talline, not evidently moist to the touch, and should dissolve entirely in water, 
or leave merely small fragments, which on examination with the microscope 
will be found to be bits of cane. The whiter the quality the less is the per- 
centage of water, which varies in different kinds of sugar, from about *25 per 
cent, (in the finest sugars) to 9 or even 10 per cent, (in the coargp broma 
sugars). 

The unpurified sugars contain albuminous matters which decompose, and 
a sort of fermentation occurs. The Acarus, or sugar-mite, is usually found 
in such sugar, which is not known to be hurtful. Fungi also are very fre- 
quently present. 

Method of Examination. 

1. Determine physical characters of colour, amount of crystallisation, &c. 

2. Dissolve in cold water j fragments of cane, starch, sand, gypsum, phos- 
phate of lime are left behind \ test with iodine for starch. The best way is to 
dissolve under the microscope, as all adulterations are then at once detected. 

3. Determine percentage of water by drying thoroughly 10 grammes, and 
again weighing. 

4. Excess of glucose (a little is always present) is detected by the largo 
immediate action on the copper solution. 


SECTION X 

SUCCULENT VEGETABLES. 

Almost all other vegetables are used, not so much on account of nutritive 
qualities, as for the supply of salts ; some of them, however, contain very 
digestible starch and sugar, or other substances, such as pectin or asparagin, 
or peculiar oils which act as condiments, as in onions. 

Sub-Sbction L — ^Potatoes (Solanuh Tuberosum). 

The composition has been already given (p. 196). The salts are noted 
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■below.* It win be obserred from these, and from the tables already given, 
that the amount of potash and phosphoric acid is not so great as in some other 
substances ; the toie use of the potato is probably to be found in the large 
amount of salts (malates f tartrates f citrates) which form carbonates on 
incineration. The juice of the potato is acid. There is no better antiscor- 
butic than thej)otato, and its starch its very digestible. The citric acid is com- 
bined with potash, soda, and lime. 

As the amount of salts is small, and that of water large, at least 8 to 12 
ounces of potatoes shotdd be taken daily if no other vegetables are eaten 
( » 8 ounces at 1 per cent, of salts contain 35 grains ; at 1*6 per cent. « 62*5 
grains). 

Choice . — ^Potatoes should be of good size, firm, cut with some resistance, 
and present no evidence of disease or fungL 

A still better judgment may be formed by taking the specific gravity, and 
using the following tables : — 

Potatoes . — The solids can be determined by taking the specific gravily, and 
multiplying it by a factor taken from the table below, and dividing by IQOO j 
the result is the percentage of solids : — 


Specific gravity, 
between 

Factor. 

Specific gravity, 
between , 

Factor. 

1061—1068 

16 

1106- 

-1109 

24 

1069—1074 

18 

1110—1114 

26 

1075—1082 

20 

1115- 

-1119 

27 

1083—1104 

22 

! 1120—1129 

28 


the^starch alone is to be determined, deduct 7 from the factor, and 
proceed as above, the result is the percentage of starch. 

If the specific gravity of the potato is — 


Below 

1068 

The quality is very bad. 

Between 

1068—1082 

„ inferior. 

Between 

1082—1106 

„ rather poor. 

Above 

1105 

,, good. 

Above 

1110 

„ best. 


As, however, the medical officer will seldom have an hydrometerf which 
will give so high a specific gravity, and must work, therefore, with a common 
urinometer, the following plan must be adopted : — Take a sufficient quantity 
of water, and dissolve in it \ an ounce or an ounce of salt, and t^e the 
specific gravity ; then add another ^ ounce or ounce, and take again the 
specific gravity ; do this two or three times, so as to get the increase of specific 
gravity for each addition of a known quantity of salt ; then add salt enough 
to bring up the specific gravity to the desired amount. This is, of course, not 


(Way.) 

(Fromberg.) 

46'60 

60*23 


8*7 

8*70 

4*4 

4*64 

0*88 

18*30 

10*10 

4*66 

U*67 


11*78 


Potash, 

Soda, . . 

Magnesia, . 

Lime, 

Phosphoric add, * 

Su^hurie ,, 

Chloride of potassium, 

^e carbonate of potassinm is produced in t^ incineration from thS vegetabte salts (citrate, 
malate, tartrate of potassium). An analysis of Yoffel's gives, no less than 21 per cent of carbonate 
of potassium and 34 per cent of carbonate of sodium in 100 of ash. 
t Baumd*8 or Twaddell’s hydrometers are the best for the purposi^ 


(Way.) 

Chloride of sodium, 8*48 

Carbonic add (from) 
the incineration of )>18*80 
oiganic acids), } 

Oxide of iron, • 1 

Silicate of alumina, 1*95 


(Fromberg;) 
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quite accuiatei but in the absence of proper instruments it is the only jdan I 
oandevise. 

Cooking of Potaioe8.—T)i& skins should not be taken ofi; or a large amount 
of salts passes into the water ; using salt water is a good plan, as fewer of the 
salts then pass out The boiling must be complete, as the starch-giai^ are 
otherwise undigested, and it must be slow, else the cellulose and albuminates 
are hard. Steaming potatoes is by far the best plan ; the heat must be 
moderate \ the steam penetrates everywhere, and there is no loss of salts. 

Preservation of Potatoes. — Sugar, in the form of molasses, is the best plan 
on a large scale ; a csdk. is filled with alternate strata of molasses and p^ed 
and sliced potatoes. On a small scale, boiling the potatoes for a few minutes 
will keep them for some time. Free exposure to air, turning the potatoes over 
and at once removing those that are ba^ are useful plans.^ 

The preserved potatoes are sliced, dried, and granulated, and when well 
prepared, are extremely useful. 

The Sweet Potato and the Yam are somewhat similar to the ordinary 
potato; see below in foot-note. t 

Sub-Sbotion IL — Other Vbgbtablbs. 


The composition of Carrots and of Cabbage has been already given (p. 195). 
Two or three of the common kinds of vegetables may be added — 




Water. 

Albumen 

and 

Casein. 

Starch. 
Sugar, and 
Dextrin. 

Fat 

Woody 

Fibre. 

Mineral 

Snbstanoes. 

Turnip {Brassica 
rapa)f , . < 


90 ‘60 

1-100 

4-000 

... 


« 0-6#- 

Parsnip (Pastinaca j 
sativa), . . | 

Jerusalem artichoke i 


82-04 

1-215 

6-889 

0-646 

8-022 

1041 

{ffelianthm tube- 
rostis), • . ] 


76-85 

0-900 

19-000 

0-900 

1-220 

1-810 


Other vegetables contain special ingredients, such as asparagin in asparagus 
(a small amount is also contained in potatoes), wax, pectin, which is a little 
more oxidised than starch or sugar ; or peculiar oils and savoury or odoriferous 
matters. 

On account of its volatile oils, the onion tribe is largely used, and is a 
capital condiment, and has an effect as an anti-scorbutic. 


* In the Crimean war there was a considerahl^l^ of potatoes sent up to Balaklava, and at 
a time when the men were most in need of them. The addition of sugar to the raw j^tatoes 
might have been made. 


+ 8wbbt Potato (Convolvulus Batata). 
Composition per cent. — 


Water, 
Starch, 
Sugar, 
Pectic rcid, 


67-5 to 78 

18 tola 

6 to 10 
1-2 


Albomen, 
Fat, \ 
Salts, 
Cellulose, 


1- 5 
•8 

2*9 

2 - 6 


This vegetable is very rich in sugar and in salts. It may be usefully employed for soldiers, 
wherever it can be procured, in lieu of potatoes, for some time. 


Composition- 

Water, 

Albuminates, 

Starch, 


Yam (Diosooeea Sativa). 


74 

2 

16 


•2 


Pectin, 
Cellulose, 
Fat, 

Salts, 


This also is a useful vegetable, though inferior to the potato and batata, 
for soldiers in the West and Bast Indies. 


2-8 

. 2*2 
•6 
1-8 

It is largely used 
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Otdon contams some citrate of lime. 

There are many vegetables which can be employed as anti-scorbutics besides 
potatoes, onions, and green vegetables. The wild artichoke and the Agave 
americana (cactus) are both excellent anti-scorbutics, and the latter is said to 
be better than lime juice. Sorrel, and in a less degree scurvy-grass and 
mustard and cress, are usefuL In l^ew Mexico a salad made of the lamb’s 
quarter ” {Oh^nopodium album) has been found very usefuL* 

In war almost any kind of vegetables may be used rather than that the 
troops should be left without such food. In one of the CafiEre wars, an 
African corps kept free from scurvy by using a sort of grass (1) in their 
soup. 

The dried vegetables, and especially the dried potato, have considerable 
anti-scorbutic powers (Armstrong).! The dandelion was largely used in the 
French army in the Cnmean war. The American Indians put up for winter 
quantities of dried plums, buffalo berries, and choke berries, and thus escape 
scurvy (“ Hamilton’s Mil. Surg.” p. 212). 

If vegetables cannot be procured, citrate, tartrate, and lactate of potassium 
should be given. 

SECTION XL 
COW’S MILK. 

A cow gives very variable quantities of milk, according to food and race, 
and age of the calf ; psrhaps 20 to 25 pints in twenty-four hours is the average 
for the year, but with poor feeding it will fall much below this ; occasionally 
a Ww, so(to after calving, will give 50 pints, but this is not common. A goat 
wiU give 6 to 8 pints, 

Sub-Section L — Milk as an Article of Diet. 

Milk contains all the four classes of aliment essential to health. Being 
intended especially for feeding during growth, the proportions of nitrogenous 
substances and fat, as compared to sugar, are large. 

Average compodtion of Unsldmmed Milk , — A certain proportion between 
the casein, fat, and sugar must exist. 

Per cent. Per cent. ^ 

Specific gravity, Specific gravity, 

1030. 1026. 1030. 1026, 

Casein, ... 4 3 Salts, ... *6 *5 

Fat,. ... 3-7 Total soUds, 13*3t 90 

Lactin, ... 5 3*9 Water, , . 86*7 90*1 

The casein is by some supposed to be a combination of albumen with 
potash (Hoppe-Seyler). 

* Mil. Med. and Surg. Essays prepared for the U.S. Sanitary Com. 1864, p. 202. 

f Naval Hygiene p. 112. In the American war, however^ the anti-scorbutic effects of the 
dried vegetables were not found to be very great. I found that, in a sound raw poteto, the amount 
of free and combined acid (reckoned as citric) was 0*4503 per cent. ; and that in the preserved 
potato used in the Arctic Expedition (1875-6) it was 1*086; or in the ratio of 1 to 2*4. From this 
we find that 7 ounces of the preserved potato contained the eaui valent of 31} grains of citric acid, 
or one ounce of navy lime juice. The ration usually issued (2 to 4 ounce^ is, therefore, too 
smaU, unless other antiscorbutics be given. (See report of Committee on Scurvy, Appendix, 
xm. 866.) (F.daC.) 

t Wanklyn considers average country milk to contain 12*5 per cent, of solids, of which 3*2 
parts are fat, and 9*3 are soli^ not fat. The Society of Public Analysis proposed, as a mini- 
mum for new milk, 9* per cent of solids not fat, and 2*5 of fat ; for skim mi&, 9*0 solids not fat. 
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In addition to casein, a small quantity of true albumen remains in solution 
after the casein him been thrown down, and there is also, according to lifilloh,* 
another albuminoid substance, which he calls lactoprotein* In cow’s milk 
the amount of albumen is said to be 6*25 grammes per litre ; the amount of 
lactoprotein is much smaller, but has not been very precisely determinecLt 

The amount of salts varies from *6 to *8 per cent,, but seldom, if ever, 
exceeds 1 per cent This is of importance in the detection of adulteration by 
salts. In poor milk the salts may be as low as *3 per cent 

Milk is very largely used in some countries, especially in India and Tartary, 
where the use of the koumiss, prepared from mare’s n d lk , has been supposed 
to prevent phthisis. 

Milk varies in quantity and composition according to — Isty the age of cow ; 
2ii, the number of pregnancies, less milk being given with the first calf 
(Hassall) ; 3dy to the age of the calf, being at first largely mixed with 
colostrum ; Uhy to the kind of feeding, l^et and carrot augmenting the sugar 
bfhy and remarkably, according to the race, some cows giving more fat (as 
Aldemeys), others more casein (as the long-homs). The last portion of the 
milk given in milking is richest in cream (Hassall). 

Wanklyn states that the proportion of solids is more stable, and never falls 
below 11-5 per cent. In Sweden, the milk of a herd of cows being analysed 
daily for a year, the solids never fell to 11*5, and only 4 times to 12 per cent. 
(Wanklyn). 

The goat’s milk is rather richer in solids (14*4 per cent. — Payen), and con- 
tains also a peculiar smelling acid (hircine or hircic acid). Specific gravity, 
1032-1036. 

Ass’s milk is rather poorer in solids (9*6 per cent. — Payen). This is owing 
to a small amount of casein and fat ; it is rich in lactin. The specific gra^y 
varies from 1023 to 1036. 

The buffalo milk is richer in all the ingredients. 

Taking the total solids of cow’s milk at only ten per cent, (specific gravity 
1026), one pint (20 ounces) will contain, in round numbers — 

Casein, . . • .* . . 262 grains.. 

Fat, 217 „ 

Lactin, 341 „ 

Salts, ^2 „ 

Total, ... 862 

or very nearly 2 ounces avoir, of wateivfree food. 

To give 23 ounces of water-free f^^ (or one day’s allowance for an 
adult), rather more than 11 pints of^mBif of specific gravity 1026, are 
necessary. For an adult this would be far too much wat^r, and the fat would 
be in great excess. But for the rapid formation and elimination of the 
young, the water and fat are essential It is a question whether, in old age, 
large quantities of milk might not be a remedy for failures in tissue formation 
and elimination.^ 

* Oomptes Eendus, t. lix. p. 896. 

f Commaille (Comptes Rendus, Nov. 9, 1868) found creatinine in some putrid mUk, derived, 
be tbinka, from creatin. He admita also, after Lefort that there iaa little urea. He found 
also so^e organic acids, the nature of which is doubtfhl. 

i Sohie obeervations of Dr Subbotin (Virchow's Archiv, band xtxivi. p. 561) on the milk of 
bitches, show a marked effect by food ; the fat was much increased by meat ; the casein was 
less aSSeoted ; a lafTSo quantity of fat greatly lessened the secretion. 

J ams was a point debated by Galeu, to old Is this suggestiott. It ia still undecidecL Some 
persons cannot digestmillir 
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Sue-Sbotion IL — ALimATioNfi OF Milk. 

in from four to eight hours; it is hastened by adding 
iram mter^ but its quantity is not increased (Hassall). 

Milk ^ters on standing ; it absorbs oxygen, and gives off carbonic acid ; 
placed in contact with a volume of air greater than its own btilk, it absorbs 

the oxygen in three or four days (Hoppe-Seyler). The carbonic acid is 
formed at the expense of the organic matter (probably casein — Hoppe-Seyler), 
and bodies richer in carbon and hydrogen are formed ; fat increases in amount, 
and oxalio acid is said to be formed. 

Subsequently lactic acid is formed in large quantities from the lactin ; the 
milk becomes turbid, and finally casein is deposited. The cream which had 
previously risen to the surface cGusappears. 

MUh given hy diseased Cows. 

Milk from diseased animalfl soon decomposes ; it may contain colostrum, or 
heaps of granules collected in roundish masses, pus cells, or epithelium, and 
occasioni^y blood. It then soon becomes acid, and the microscope usually 
detects abnormal cell forms, and casts of the lact^ tubes. 

In cattle plague, it is said by Husson that the lactin lessens, while the 
nitrogenous matters are increased, and blood and aggregated granules are seen 
under the microscope. In foot-and-mouth disease the specific gravity rapidly 
falls (from 1030 to 1024), though this is not invariable ; there are granular hSa.p3 
under the microscope, and often blood or pus cells ; Mr M‘Bride says pus can 
be found for a month after recovery. Bacteria and small oval and round cells 
ai;g,^mmon. Figures of the microscopical appearances are given in some very 
good papets on the subject in the British M^ical Journal^ Oct. 1869. The 
milk sometimss coagulates on boiling. 

Sub-Sbotion hi. — ^Examustation of Milk. 

This is intended first to determine the quality. Put some of the milk in 
a long glass, which is graduated to 100 parts ; a 100 centimetre or htre 
measure will do, or a glass may bo specially prepared by simply marking with 
compasses 100 equal lines on a piece of paper, and gumming it on the glass. 
Allow it to stand for twenty-four hours in a cupboard secured from currents 
of air. By this means the percentage of cream can be seen, and the presence 
of deposit, if any, observed. There should bo no deposit till the milk decom- 
poses ; if there be, it is probably chalk or starch. 

The cream should be from y^tl|B#o y^^^ths ; it is generally about Y§ 7 jths ; 
in the milk of Alderney cows it will reach ^^ths or y^x^ths. The time of 
year (as influencing pasture), and the breed, should be considered.* 

While this is going on, determine- — 

1. The Physi^ Omriuders . — Placed in a narrow glass, the milk should be 

* Mr Garslde ( Pharmaceutical tleumal^ Jan. 25, 1873) states that more cream ia thrown 
up at a low than a high temperature ; at 48’’ Fahr. there were ^^ths of cream ; at 55° only 
f^ths in the same milk. I have not found quite the same results, and on repeating the ex. 
periments, it is clear that great dare is necessary. If the temperature of the milk alters (which 
is often the case with laboratory eimriments at high temperatures), there are circulatory cur- 
rents in the milk which greatly afli^t the rising of the cream ; sometimes they hinder, and 
perhaps sometimes accelerate it. But if the milk is shielded from currents or air and from 
radiate heat, the amount of cream between the temperatures of 45"^ and 65° is practically the 
same. It is to secure it from currents of air that the graduated lactometer is ordered to be » 
put in a cupboard. With regard to time, the cream has nsuaUy thoroughly risen in frt>m four 
to six hours. In twenty-four hours it reads about ^th less than at four hours, probably 

condensation or aggregation of the fat pafticles. 
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(juile of full (•(»lour, Avilhoul rleposii;, witlioiil 

tasto. Whoji it shouM ]u>t (‘liaitL^a in 

2. Itr.art.ir>ii .slioiiM bo slightly acid or 

alk:diiii‘. ; if stroiij^ly alkaliin^ <‘illioi* tlu‘ <•o^v is di.scNised;.!pp;'.^f;IBi^,^^^^ 
colostrum, <ir carbouiUo of soda Las b(!(ui addiMl. ' ' . . 

.*1. (h'^n'/fj /. — The .specific gravity varic.s froiu . 1026 to 

very lar^c «piaiitiiy of cream Ioavits if, and after the cream is rottnoy^i^^^^K 
s]M*ci(i(*. uravily may ris(‘, umlcr ordinary (‘irciijnstance, about 
average sjMM'ilic gravity of nnslvinini(‘<l milk nmy be taken as 1 030 
balir., and tlu' raiigt' is nearly 1" alK)vc and below the mean. It 
teiujM'.ral un*, so that in tin* tropics tln^. ni(*dical olHcer will have to 
tlii.s dill‘ereiu-e. 'TIk^ following an* tlic relative degrees of a milk that 
1030 at GO Indir., ami 1031 at 31) Fain*., (maximum density-point of wat<iir)^;|ffl 

39“ F. == 1031 I 80° F. = 1027-5 ■ ' .'?» 

(lO'-R .-= 1030 90° F. = 1025-8 

70" F. = 1 029 I 100° F. =. 1024-0- - 

"rile addition of wai<T is Ix'St dcb'f lc.d by the specific gravity. At 
iLcrc is a loss of :> for (wery 10 per emit, of water added. No doubt 
nicLhod is not ptMdVsjt, hut its ease of application strongly reconnnrmd^ 

4 . KrfUifiifr r/iriffira/lji /or the Arnnuiff of t hr Dffferant 

(tt) Totot — Fvajioraie a kiioAvn Avcight to dryness, and .y^j|^fe 

Calc.ulatc the [Kuvmitage. I'lie heat must not exia'cd 240" Fahr. 
dillic.u It to dry it tlionmghly, tli<^ result is only approximative. 
recommends f) ('.(J. to he (*in}>loyo<l, and tluMlrying carried on 
bath fur 3 hours ai 212" Faltr. - - 

(/•) Ash, liKunerate the dried solids, and Aveigh. ^ 

(r) ('o.sr/H.. 'lake aAvciglied or measured ipiantily ; add t\vo or three 
of ai'etic a<'id, and lioil. Add a good d(‘ai of Avater: allow to standiJ^^® 
t\V(!nty-b)iirs hoiii'S ; pour off tin ^ sutxn-uatjint Huiil ; Avasli the* j)ix‘dpit^Lt0;’i^!PP 
Avith ether at 80' ; dry, and wiugh. Cahailate tin* jKTc entage. ft is 
to entirely frc'i' it from fat. Wanklyn reeommmids the alluiminoid aiiili^^^ 
pr<»e('ss, as in llie cnsi? of nitrogimoiis matter in water: 1 part of ('asidii 
ing O-OGo of aanmonia. 

OO Fvap'irate the, ether, and Aveigli tin' fat. 'W'aidvlyii ri-iMunmeiii^^'; 
(■•xlraeting llie fal from tlie total dried soli<l.s liy iiK'ans of ether, evaporal ing^"^ 
aiul Aveigiiing. This reijiiiri's can*, hoAvever, and the same, jvsult can In* given 
by the (MiiployiiKMit of an instrument called a lactosco]H?, Avliieb measures tin* 
degree of transparency. The. iacto.seope of I tonne hi.s bemi lately improveil 
hy Vogt'l, ami this simple plan can Ixi rei‘,oninie.ndcd for ascertaining the. 
amount of fat in milk. 

V^ogel’s instrumeiit consi.sts of a little cn]i, fornnMl by t.AVo iiaralh*! pieces of 
glass, di.stant a ccntimelrc ( --••li.MhS imdies, say -,',ytlis of an inch) from eacli 
other, and closed everywhere c.xeept at the toji, so as to form a JitlJe vi'.ssi'l ; 
a glass graduated to 100 C.MJ., ami a little. pipi?tt.c, wliich is divirleO to J (1(1, 


* I.)r l):i\ ics records .i wln'O' tin? .sjn^'iDc L^ravity 'svii.s 102 1'() : then*, was 17 ])cr cent, of 
civain, ai:(l tini .scii-is wcic .li>'2a. A cast* of this kind cannot iiiislrad it tlic, amount ot (;rc.aiii 
is d<;*tcrniin('<l. D.ivies r^oor/nnem Is that tlm .speciiio gravity of the whey sliould be taken ; he 
s:iys it is vriy t.'ons(;int iHltvi-on 10*20 and lo28. 

j n oJK* sjiMipk* 1 e.\‘iinjin'd I in- s](e<‘il}(.* gravity was 1020, and the cve.'un Al ? t)'‘- •sT>eoitie gravity 
of the skiinnied snilk was Urjs-O. Anotln-r .sainitlc gave: .spocilic gravity ndT'O, cream g;,",.; ; 
spi’citif' gravity otskiunned niilk, 10o2*7a. Another sample (which purp«n'tcd to be the satne 
as the last! gave a .sj'ccitio gravity of 10l-S*S4, hnt tlie creigii wa.s only ; in thi.s case tlie 
greater ci u t of tiie cri.'am liad been removed, and about 50 per cent, of water added. (F. <le C-.j 
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Water (100 C.C.) is placed in tin.; nioasiire, and 2 oi- .*> 
n<*li slioul(l 1)0 at lirst a^Uated, so as to mix: any si'jjaiiilcd 
to il.. Tl)e j)arallel i^dass e,up is then tilled with this diluted 
ae {)laeetl ;d)Oiit one metre from the eye (”39’37 ineh-'s) is 
.tjher darkened room ; if the llame of the eandle is st'en, tlie 
aclr uito the large rm‘.asnro; nuu'o milk is added to it, and it 
ntp the paivillel glass, and tti<» liglit is again hM»k(‘d at ; tlie 
i^ent cuds ■wh.cni the conlniir of the liglit is comididely olKsenrcd. Tin? 

should 1 k:> a good one, hut the dillenmce in the amount of light is not 
iai. The percentage amount of fat in tlio milk is then ealeiilaied l)y tlie 
^flo^ing formula (which has been iletennined by a eomparison of the results 
^ tie instrument, and of cheinical analysis) : x l)(‘ing the. quantity of fat 
Sought, and m the number of C.C. of milk \ylii(?h adde»l to the 100 C.(J. of 
suffice to obscure the light. 


= 4-0-2:1. 
W: 


for example, 3 C.C. of milk, i 
pbscuro the light, the percent ag<? 


c, added to tlie 100 of watca*, were sn0i(?i>Mit 
ig(? of fat is — 


+ *23 = 7*06 per cent. 


this formula tin? following tabl(? has ])een ealenlated, wliieh (unt 
|[e>to -read off at once tlu? jxa'e.entagn of fat : — 

fe--.' , 
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If, for exain])le, 1 e.ubie, eentimetre. of milk to 100 of water ohsciires llu^ 
light, the pereentage of fat is 23* 1.3 ; if 8 cubic ce.ntinadrt'.s, added to 100 of 
wate'.r, are needed to ol)se,ure t]a‘ light, the pereenlag* is 3*13, tVe. ; so that in 
four or live minutes an analysis of the juilk is made, as far as the fat Is eon- 
ctu'iad. 

d’he. advantage of Ihi.s is obvious, lK»th in detectiug Ihc^ iTuioval of ereani, 
and in sixung if milk is rieh iu butU?r. Wanklyn stales tlavl 0*2 giaume s oi 
fat equal 1 gramme of cream. 
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(e) Determine the amount of lactin by the saccharometer, or by tlie (^ppeir . 
aolution.* To do this, take 10 C.C. of milk, add a few drops of ^cetio aeid, 
and warm — ^this coagulates the casein with the fat ; then make up to 100 0.0^ 
■with distilled water, filter, and put the filtered whey (which ought to be as 
clear as possible) into a burette. Take 10 C.C. of standard copper solution 
(see below), put it in a porcelain dish, and add 20 or 30 C.C. of distilled 
water ; boil ; as soon as it is in brisk ebullition drop in the whey from the 
burette ; take care that the liquid is boiling all the time ; continue the process 
until the copper is all reduced to red suboxide and no blue colour remains in 
the supernatant liquid ; but stop before any yellow colour appears. Bead ofiF 
the amount of wh% used, and divide by 10 ; the result is the amount of milk 
which exactly decomposes 10 C.C. of the copper solution. The 10 C.C. of 
the copper solution are equal to *0667 grammes of lactin. The amount of 
lactin in the 10 C.C. of milk is then known by a simple rule of three ; and 
the amount in 100 C.C. of milk is at once obtained by shifting the decimal 
point one figure to the right. 

Example : — 15 C.C. of diluted whey were required to reduce the 10 C.C. 


of copper solution; 


16 

10 


1‘5 the amount of original milk; 0*0667 -f- 


1*6 = 0*0445 grammes of lactin in 1 C.C. ; therefore 0*0445 x 100 = 4*45 per 
cent. 

Preparation of the Gopper Solution. — Take 34*64 grammes of pure sulphate 
of copper, and dissolve in about 200 C.C. of water ; dissolve in another vessel 
173 grammes of tartrate of soda and potash in 480 C.C. of solution of caustic 
soda (or potash, if the caustic soda, as is probable, is not in the surgery) ; mix 
slowly, and dilute with distilled water to one litre. ^ 

1 C.C. = 0*00500 grammes of glucose. 

1 C.C. = 0*00667 grammes of lactin. 

5. Examine the Milk mici'oscopically. — The only constituents of milk are 
the round oil globules of various sizes in an envelope and a little epithelium. 
The abnormal constituents are opitheKum in large amount, pus, conglomerate 
masses, and casts of the lacteal tubules. The added ingredients may be 
starch grains, portions of seeds, and chalk (round and often highly refracting 
bodies, with often a marked double outline, and at once disappearing in acid). 
Colostrum, occurring for three to eight days after the birth of the calf, is 
composed of agglomerations of fat vesicles united by a granular matter. 
Infusoria are sometimes found in milk, and fungi {Oidmm lactis and 
Penicillium) are so almost invariably, if the milk has been kcpt.t 

If milk is agitated with three or four volumes of carbon bisulphide, and 
then allowed to stand, the sulphide separates highly charged with an aromatic 
matter, which, on spontaneous evaporation, can be obtained as an unctuous 
imponderable residue, which possesses the aroma of the food of the animal 
(Millon). 

Scheme for a Sliort Examination, 


As a medical officer is constantly called upon to examine milk, and will 


* Wanklyn recommends dissolving out the lactin from the solids (after the fat is removed) by 
means of alcohol, evaporating and weighing ; tlien incinerating ; the difference gives the 
amount of lactin. This seems on the whole less convenient for the medical officer than the 
copper teat. Macnamara (Indian Medical Gazette, 1873) uses alcohol for extracting the lactin, 
but determines it by Fehllng’s test. 

t Dr Willard of Cornell University notes the experience of Professor Law, who observed a 
peculiar ropy material in milk, and traced it to cows drinking stagnant water containing organ- 
isms similar to those found in the milk ; a drop of this water, put unto good milk, soon devel- 
oped these oiganisms. The cows were feverish. (Dr John Ogle, Journal of the Agi’icultural 
Society, Nov. 15. 1872; Lancet, Oct. 11, 1873.) 
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seldom have time to go thoroughly into all the points just noted, the follow- 
ing short scheme will be useful ; — 

1. Put some milk into the long graduated glass for deposit, and* for deter- 
mining percentage of cream.* 

2. Take physical characters, reaction, and specific gravity. Take specific 
gravity of the whey, if there be time to do this. 

3. Determine fat by VogeFs milk-test,* 

The comparison of the specific gravity, and the amount of cream which 
rises, or of fat, will be found to give, in conjunction with the physical 
characters, a very good idea of the quality of the milk. ^ 

Sub-Skction IV. — Pbbsbrvation of Milk. 

1. Boiled, the bottle quite filled, and at once corked up and well sealed, the 
milk lessens in bulk, and a vacuum is formed above. It will keep for some 
time. A little sugar aids the preservation. If the heat is carried in a close 
vessel to 250"* Pahr., the milk is preserved for a very long time, even for 
years ; the butter may separate, but this is of no consequence. 

2. Sulphurous acid passed through it^ or sulphite of soda added. This may 
be done after boiling. 

3. A little carbonate of soda and sugar added, with or without boiling. 

This will keep for ten days or a fortnight. 

In the market are — milk in tins, preserved in the usual way by exclusion 
of air, concentrated milk mixed with sugar, and desiccated or dried milk. 
This last is milk carefully dried at a low temperature, >with a little sugaiv 
Dissolved in water, it forms an excellent milk. (See Concentrated Food 
^276)^ 

The preserved liquid milk often has the butter separated ; if so, it may be 
spread on bread. It is not easy to remix it with milk, but it is said that the 
separation may be prevented by adding a little yolk of egg. 

Sub-Section V. — Adulterations. 

1. Water, — This is extremely common, and is, in fact, generally the only 
adulteration j it is best detected by specific gravity or evaporation. Wanklyn 
suggests the amount of ash as a good test of watering ; the normal ash being, 
according to him, about 0*73 per cent. 

2. Starch, dextrin, or gum, to conceal the thinness, and the bluish colour 
produced by water. Not a common adulteration. Add iodine at once for 
starch ; boil with a drop of acetic acid, and add iodine for dextrin, or add 
acetate of lead and then ammonia, a white precipitate falls. 

3. Annatto or turmeric is added to give colour. Liquor potassse at once 
detects turmeric. By boiling the milk, the colouring matter remains in the 
serum. 

4. Emulsions of seeds (hemp or almond), added ; this is uncommon. Boil. 
The albumen of the seeds coagulates ; the milk will not mix with tea. Hemp 
seed gives an unpleasant odour to the milk (Normandy). 

5. Chalk, to neutralise acid, and to give thickness and colour. Let it stand 
for deposit ; collect and wash deposit, and add acetic acid and water ; after 
effervescence filter, and test with oxalate of ammonium. 

6. Carbonate of sodium. Very difficult of detection unless the milk be 


* Macnamara (Indian Medical Gazette ; 1873) finds that the cream is not very useful in India 
as a test, the rapid coagulation of the milk preventing it rising; similarly Vogel’s test does not 
give satisfactory results. It would, therefore, be necessary to determine the constituents by 
tile chemical methods if possible. 
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alkaline. Determine the ash, and see if it eififervesces ; if so, either some car- 
bonate has been added, or if the soda have united with lactic acid, this will 
be converted into carbonate, and enough lactic acid to give an effervescing ash 
does not exist in good milk. 

7. Milk is often boiled to preserve it ; it may then take up from the vessel 
lead, copper, or zinc, if these metals are used. 

Cream is adulterated or made with carbonate of magnesia, tragacanth, and 
arrowroot. The microscope detects the latter, and particles of carbonate of 
magnesia (round) can also be seen and be found to disappear with a drop of 
acid. It is also said that yolk of egg is added both to cream and milk.* * * § 

Sub-Section VL — ^Effects op Bad Milk. 

Professor Moslerf has directed attention to the poisonous effects of “ blue 
niilk,”J that is to say, milk covered with a layer of blue substance, which is 
in fact a fungus, either the Oidium lactis or Fmidllium^ which seems to have 
the power, in certain conditions, of causing the appearance in the milk of an 
aniline-like substance.§ The existence of this form of fungus was noted by 
Fuchs as long ago as 1861. Milk of this kind gives rise to gastric irritation 
(first noted by Steinhof) ; and, in four cases mentioned by Mosler, it pro- 
duced severe febrile gastritis. 

!Milk which is not blue, but which contains large quantities of Oidium, 
appears from Hessling*s observations || to produce many dyspeptic symptoms, 
and .even cholerarlike attacks, as well as possibly to give rise to some aphthous 
affections of the mouth in children. 

Mitk contaminated with pus from an inflammed udder, or an abscess on the 
udder, will give rise to stomatitis in children, and to aphtlue on the#mucot!f» 
membrane of the lips and gums. IT 

There has been much discussion whether the milk from foot-and-mouth 
disease in cows {Eczema epizootica) can cause affections of the mouth, or give 
rise in human beings to any disease similar to that of cattle. Pigs can 
certainly get the disease from the milk of the cow ; sheep and hares, which 
also have the disease, perhaps got it from the saliva on herbage. In men the 
evidence is discordant, and in a great measure negative,** still there are some 
striking cases, which seem to me sufficient to prove that disease of the mouth 
(aphthous ulceration, general redness, diphtheritic-like coating, swollen tongue) 
and sometimes, though rarely, an affection of the feet may occur, ft Some posi- 
tive evidence has been adduced by Professor M^BrideJ Gooding,§§ Hislop,|| || 

* Mr Bottle, Pharmaceiitical Journal, February 1873, 

+ Virchow’s Archiv, band xliii. p. 161 (1868). 

X Blue milk is given by feeding cows with some vegetable substances, as Myosotis palustris, 
Polygonum aviculare, and Fayopyrum, Mercurialis permnU, and other plants (Mosler) ; but 
this is different from the blue colour referred to above. 

§ Erdmann (Journal fiir Prakt. Chem., xeix. n. 385, qjioted by Mosler) has discovered that 
vibriones have the power of producing aniline-colouring matter from protein substances. 

II Virchow’s Archiv, band xxxv. p. 661. See also my Report on Hygiene, Army Medical 
R^ort, vol. vi. p. 385. 

^ See a good case by Dr Fagan (British Med. Journal, Nov. 13, 1869). 

** See Dr Thome’s paper in the Report of the Medical Officer to the Privy Council, p. 294, 
and Mr Simon’s remarks on it, p. 62. Also my Report on Hygiene, Army Med. Blue Book, 
vol. z. p. 223. Dr Lawson Tait’s negative evidence against it is exceedingly strong (Me(Ucal 
Times and Oazette, October 1869) ; the disease was all round, and the milk was used, yet not a 
a case occurred which could be referred to it. See also Wliitmore's evidence in Marylebone 
(British Medical Journal, Oct. 1869). 

++ A case of the foot being involved is recorded by Mr Amyot (Med. Times and Gazette, 
Nov. 4, 1871). 

Ijl)! Brit. Med. Journal, Nov. 13, 1869. An anonymous writer in the same Journal, Sept. 1869, 
adduces also a few doubtful coses (p. 327), though his evidence is otherwise negative. 

^ Medical Times and Oazette, Jan. 1872. il || Edin. Med. Journal, Nov. 1869. 
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latham,* and Briscoe.t I have also had cases related to me hy two medical 
friends, which seemed quite clearly cases of the disease. It is, of course, 
possible that some pus or blood from abscesses on the teat or udder may have 
got into the milk, but it is unlikely that this should have been overlooked. 

A peculiar disease has several times prevailed in the Western States of 
America, which is caused by the unboiled (not by the boiled) milk of cows 
affected with the ‘‘ trembles,” which is supposed to be produced by the cows 
feeding on BJlus Toxicodendron. In children who get this milk-sickness, J 
there is extreme weakness, vomiting, fall in bodily temperature, swollen and 
dry tongue, and constipation. Boiling appears to remove ^e hurtful qualities 
of the niilk.§ 

Milk may also be a means of conveying the poisons of enteric fever and of 
scarlet fever. In the former case, it has probably usually arisen from the 
watering of the milk with foul water containing the agent, |1 but it may 
possibly have in some cases arisen from the typhoid effluvia being absorbed 
by the milk, as in the case at Leeds mentioned below. The scarlet fever 
poison has appeared to get into the milk from the cuticle or throat discjharges 
of persons affected with scarlet fever, who were employed in the dairy whilo 
ill or convalescent.1I 


SECTION XIL 
BUTTER. 

As an article of diet, butter supplies to most peoi^le the largest amount of 
fat which they take. Many persons take from 1^ to 2 oz. daily, if the butter 
used ifi cooking be included, and the average amount for i)erson8 in easy cir- 
cumstances is 1 oz. daily. Butter appears to be easily digested by most 
persons, except when it is becoming rancid. It then causes dyspepsia aiwl 
diarrhoea, and as a rule it may be said that decomposing fats of all kinds dis- 
agree. 

Composition and Examination. 

1. The average amount of water varies from 5 to 10 per cent., but may be 
higher, even in genuine butter. Hassall has foimd as much as 15J i)er cent, 
in fresh, and 28J per cent, in salt butter; Wanklyn records 23'6 per cent, in 
fresh butter supplied to Paddington workhouse. The retail dealer, by beating 
up the butter in water, endeavours to increase the amount. This can be 
detected by evaporation in a water bath ; if the quantity of water be very 
large, melting the butter will show a little water below the oil. An unusually 
small amount of water is suspicious (Angell), as suggestive of the presence of 
foreign fat. 


♦ British Medical Journal, May 1872. t British Medical Journal, Oct. 1872. 

X Cases*of severe diarrhoea have occurred from the use of milk from goats that had fed on 
Euphorbium ; this has been observed at Malta. 

§ Boston Med. and Surg. Journal, January 1868, and Transactions of the Kentucky State 
Medicine Society, quoted in Medical Times aiid Gazette. There have been many instances 
in the last half century, and they have all been collected by Hirsch. 

ji See Ballard's exhaustive analysis of the Islington epidemic, which was traced decidedly to 
the use of watered milk (Medical Times and Gazette, Nov. 1870, and reprint) ; a somewhat 
similar case is recorded by Dr Taylor of Penrith (British Medical Journal, Dec. 1870). There 
have been four cases lately — one at Moseley, near Birmingham, traced by Dr Ballaid ; one at 
Leeds, by Dr Robinson (Brit. Med. Journal, Jan. 18, 1873) ; one at Armley, near Lee<l8 ; 
and one at Parkhead, in Glasgow, recorded by Dr Russell (Med. Times and Gazette, March 15, 
1873). The evidence is very strong in aU the cases. 

IT A remarkable case is recorded by Professor Bell of St Andrews (Lancet, Oct 29, 1870), and 
another by Dr Taylor of Penrith (British Medical Journal, Dec. 1870). See also Dr Buchanan's 
Report of the outbreak at South Kensington, apparently traceable to cream. ^ 
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2. Caseiun — All butter contains some casein, as some milk is taken up with 
the creai^ The best butter contains least The amount can be told roughly 
by melting in a test tube. The casein collecting at the bottom does not 
exceed one-third of the height of the contents of the tube in the best butter, 
or between one-third and one-half in fair butter. In bad butter it may reach 
to more than this, A better plan is dissolving the fat by ether, washhig and 
then weighing the remainder ; the casein then weighs from 5 to 3 grains in 
eve^ 100 of very good butter. In bad butter it is much more than this. 

The rancidity of butter is chiefly owing to changes in the fat, produced 
apparently by iterations in the casein, and therefore the greater amount of 
casein the more the chance of rancidity. 

3. Fat — The fat amounts to from 86 to 92 per cent, of the butter. Butter 
oil consists of volatile fatty acids (butyric, caproic, caprylic, and capric), and 
of non-volatile acids (stearic, palmitic, and oleic), all combined with glycerine. 
In examining it, the butter should be melted in a beaker-glass, placed in 
hot water, and the fat should be poured ofl* the casein, and allowed to cool. 
It then forms a solid and usually yellow mass, with the characteristic smell of 
butter, and should be further examined as follows : — 

{a) Smdly tade^ and colour of this recongealGd fat — The smell and taste 
are very characteristic, and with a little care the quality of butter, and even 
the presence of some adulterations, such as mutton fat, can be determined. 
The colour is usut^y yellowish-white ; other fats are white, but annatto may 
be used for colouring them, or true butter may be white, so that the coloration 
is not a safe test. 

{h) Examine the reeongealed fat with the mieroecope. — Butter shows nothing 
but oil globules j lard and other fats often, but not always, contain acicular^ 
and stellate crystals of margaric (really a mixture of palmitic and olei^ and 
stearic acids as pointed out by Hassall. Starch and other impurities may be 
sometimes seen and are tinged by iodine. The casein left after the fat has 
been poured ofl should be also examined, and starch, membrane, or other im- 
purities may bo seen in it. The polariscope may bo used to bring out more 
strongly the stellate stearic acid crystals, if present. AngeU and Helmer point 
out that even genuine butter sometimes shows crystals after melting and recon- 
gealing; they therefore think the presence of crystals ground for apprehension 
only, showing no more than that the fat has been melted. 

(c) DeterniimtliemelUngpointofthe fat after separation from the casein . — 
Some of the fat should be put into a wide tube, and placed in an evaporating 
dish with water; a thermometer should bo in the water and another in the 
fat. Baise the temperature of the water very gradually ; remove the lamp 
from time to time, so that the temperature of the fat may rise slowly. Note 
the temperature when it begins to melt; when it is completely melted; and 
when (after removal from the warm water) it begins to recongeal, and becomes 
quite solid. The melting-points are, however, not constant^ owing to the 
variable amounts of stearin and oleine, and the volatile fatty acids, but still 
they run within tolerably narrow limits. 

The temperature when the fat is completely melted appeared to be the most 
marked point in my experiments. The butter oil is most easily melted, and 
r^uires the greatest amount of cooling before recongealing ; usually there is a 
difference, often 12* to 15*, between the points of commencing and completed 
fusion.^ The determination of the melting-point is, however, certainly more 
useful in proving that the butter has only slight admixture, than in proving 
complete purity ; ^.a., the presence of a small quantity of lard or beef dripping 
would not raise the melting-point sufficiently for detection. In the case of 
beef dripping, also, the melting-point is rather close to that of butter. 
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Temperature^ of Melting a^nd Solidifying, 



Fusion. 

Solidification. 

Commencing. 

Completed. 

Commencing. 

Completed. 

Butter oil, .... 

Lard, 

Beef dripping 

Mutton dripping, 

Palm oil,$ .... 

Degrees. 

65-68 

76-80 

68-8.5 

86-100 

81-92 

Degrees. 

80-90 

100-116 

100-120 

140-160 

110 

Degrees. 

70-80 

90-100 

90-100 

120-130 

88 

Di'KTOes. 

60-82t 

71- 75 

72- 76 
86-92 

69 


(t?) Angell and Hehner (^‘Butter: its Analysis and Adulterations,” 2d. 
ed. 1877) recommend examining the sinking-point, by means of a little glass 
bulb weighted with mercury to 3* * * § 4 grammes; the mean sinking-point of 24 
genuine butters was 35®*5 C. (96® Fahr.), ranging from 34®'3 C. to C. 
(93‘’*7 Fahr. to 97°*3 Fahr.) The butter is melted and poured into a test- 
tube and allowed to cool ; as it cools a slight conical depression appears on the 
E'lrface ; this must be rendered even by remelting the upper part. If other 
fats are present the depression is much more marked. ITie tube, vdth the 
bulb on the top of the fat, is then plunged into a large beaker of water, which 
is gradually heated until the bulb sinks, the temperature of sinking being 
noted by me^ns of a thermometer placed in the water. § 

(e) Another method, recommended by the same chemists, consists iii deter- 
mining the percentage of fixed fatty acids, whicJi seems to be 2 >retty constant 
in butter fat, forming about 87*3 per cent, of its weight ; 88*5 being adopted 
as a maximum, whereas most other fats give about 95*5 per cent., — the differ- 
•ence im butter being made up by volatile fatty acids. The j)laii employed is 
to saponify the fat by boiling with caustic potash and water, to decompose 
the soap with hydrochloric acid, filter and wash with boiling water, and then 
weigh the fatty acids remaining undissolved on tha filter. The saponification 
is much facilitated by commencing the process with methylated spirit^ 
as suggested by Mr Turner, the public analyst of Portsmouth, 

(/) The specific gravity of butter-fat has also been suggested by Mr Bell as 
a good means of determining purity. Ho melts the fat at 100® Fahr., and 
weighs in a specific gravity bottle. He shows that the specific gravity of 
ordinary fats varies between 902*83 and 904*56, whilst that of butter-fat 
rarely falls below 910, generally ranging between 911 and 913. {Pharma- 
ceutical Jouimalj July 22, 1876.) 

4. Salt is added to all butter. In fresh butter it should not be more than 
*5 to 2 per cent. (8 grains per ounce) ; in salt butter, not more than 8 per 
cent. (35 grains per ounce). To determine the salt, wash a weighed portion 
of butter thoroughly with cold distilled water, and determine the chloride 
of sodium by nitrate of silver (see page 76). Dr Tidy recommends incinera- 
tion and -weighing the residue ; his limit is 7 per cent. 


* 1 liave niurlo a considerable number of experiments on the melting-point and solubilty in 
ether, and on the whole attach, more importance to the melting-point tnan to the solution in 
ether. 

f It is rare for butter oil to be completely solid at 82°, but I once found it so in an undoubt- 
edly pure butter, made during the winter on a gentleman’s private farm. But usually butter is 
not solid till 68° or 66°. 

It These numbers were given to me by my friend Dr Campbell Brown of Liveipool, who has 
published a very good scheme for the examination of butter, of which I have made use. 

§ Hassall employs a converse plan, using a float instead of a sinker, the tei^erature at which it 
rises to the surmce being noted ; this generally occurs about 2° Cent, or 6°*6 Fahr. lower than the 
sinking-point above mentioned. Other plans have been proposed by Dr Tripe, Mr fieisch. 
Dr Redwood, and Mr Bell. Mr P. Duffy has i^inted out the curious fact that ]^rk, mutton, 
and beef fats have two or three alJotropic conditions, with different melting-poinf^ 
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By this method the amount of water, casein, oil, and salt will be deter* 
mined, and the quality of the butter oil will have been examined. 

Scheme for a Short Examination, 

1. Determine quality by the taste and smell of the whole butter, and of the 
melted, poured off, and recongealed fat.* 

2. When melting for the fat in a tube, notice approximate amount of casein. 

3. Determine the sinking-point by AngelFs plan, or the floating-point by 
Hassairs. 

4. Examine butter and recongealed fat with microscope, and add a weak 
solution of iodine to test for starch. 

5. If tiine and means allow, determine the percentage of fixed fatty acids 
in the butter fat, by Angell and Hehner’s method, or 

6. Determine the specific gravity by Bell’s method. 

Adulterations, 

Butter is supposed to be frequently adidterated with lard, and with beef, 
mutton, and horse fat, and with vegetable oils. I have examined many 
specimens Avithout getting satisfactory evidence of this.t In a process lately 
devised by Mfege-Mouries, J fresh beef suet is melted in warm water with car- 
bonate of potash and portions of fresh sheep’s stomachs. The fat thus 
separated from the cellular tissue is cooled and subjected to hydraulic pressure, 
when tl^ oleo-inargarine is separated from the more solid stearine (which is 
used for candle-making), and mixed with milk and with a little of the soluble 
matter obtained by soaHng cows’ udders in milk, and with annatto, and is 
then churned. N ow, this process is so complicated that it would not pay a 
dishonest tradesman to do it, and it could only bo practised on a largs scde.« 
The sinking point and the determination of the amount of fixed fatty acids 
would probably detect this.§ 

Potato or other starches are sometimes added. It is a rare adulteration, and 
is at once detected by iodine, either at once or after melting. Gypsum and 
sulphate of barium have been added, it is said ; this must be very rare, and be 
at once detected by melting and pouring everything off the insoluble powder, 
or by incin<irating, Annatto is frequently us^ to colour butter. || 

Preservation of Butter , — Pouring water which has been boiled over butter 
will keep it for some time ; but a better plan is one discovered by M. Br4on,11 
viz., water acidulated slightly (3 gmmmes to 1 litre) with acetic or tartaric 
acid, is added, and the whole is placed in a close-fitting vessel. Sugar also 
has a preservative effect, especially when mixed with a Httle salt. 

SECTION XIIL 
CHEESE. 

As an Article of Diet, — It contains a very lai^e amount of nitrogenous 
matter in smtiU bulk (p. 195), and as it is agreeable to the palate, it must be 

* Butter becomes rank and bad, by the cream being allowed to become sour before churning 
in consequence of dirty vessels ; it is a good plan to stir up the cream from time to time. 

+ More recent investigations by the later methods of analysis have shown tliat it does occur 
from time to time. 

X Pharmaceutical Journal, Oct. 1872. 

I A 8ubstanc3 from New- York has lately made its appearance in the market under the name 
of Butterine ; it appears to be a wholesome fat, and as long as it is sold honestly as a substitute 
for butter^ but not as genuine butter, its introduction will probably be a boon to many on 
account of its cheapness. 

II Angell and Hehner record two cases of adulteration by niuBing milk. 

I ^ Payen. Dea Subst. Alim. 4th ed. p. 179. 
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an excellent food for soldiers in war. About J contains as much nitrogen- 
ous substance as 1 ft of meat and ^ of a ft as much fat. It does not, how- 
ever, keep well in warm climates. 

The quality is known by the taste. The only adulteration is from sub- 
stances to give weight. Starch is chiefly employed, and can be detected at 
once by iodine. There is usually about 6 or 6 per cent, of salt. 

Sulphate of copper and arscnious acid are sometimes used to destroy 
insects ; the rind is then the most poisonous part. Copper is detected by 
ammonia or potassium ferrocyanide. Arsenic by any test (Eeinsch’s or 
Marsh’s). Sometimes cheese ^comos sour, particularly if made from sheep’s 
milk, and may cause diarrhcna. 

The Acarus domedicusj Aspergillus glaums (blue and green mould), and 
SporendxmGma casei (red mould), form during decay. During decay the fat 
augments at the expense of the casein ; leucin is produced, and valerianic 
and butyric acids. Lactic acid is also often produced from the lactin of the 
milk contained in the cheese. The aroma of cheese partly arises from this 
decomposition, arid the production of volatile acids. 

SECTIOHr XIV. 

EGGS. 

It is needless to say anything of eggs as an article of diet ; they contain 
albumen and fat in very digestible forms. ^ 

Composition and Choice . — An egg weighs from 600 to 950 grains, or even 
more ; the average weight is about two ounces avoir. ; 10 parts are shell, 60 
B^white, ^d 30 yolk j the white contains 86 per cent, of water ; the yolk 52 
per cent. ; 100 grains of egg, therefore contain — 

10 grains shell. 

2 2 ’8 „ albumen and fat. 

67*2 „ water. 

100-0 

If an egg weighs two ounces, it contains nearly 200 grains of solids ; this 
is a convenient number to remember, as 100 grains correspond to 1 ounce. 

For choice, look through the egg ; fresh eggs are more transparent in the 
centre, old ones at the top. Dissolve 1 ounce of salt in 10 ounces of water; 
good eggs sink ; indifferent swim. Bad eggs will float even in pure water. 

Pre^et'vution. — Eggs are packed in sawdust or salt, or are covered with gum 
or oil, or placed in lime-water, with a little cream of tartar.* Boiling for 
half a minute also keeps them for some time; in fact, anything which 
excludes air. 

The lime-water gives them, it is said, a peculiar taste, and makes the 
albumen more fluid. 


SECTION XV. 

CONCENTRATED AND PRESERVED FOOD.t 

For the military surgeon this subject is so important, that it is desirable to 
put the chief facts under a separate section. 


* It is said that covering them with a solution of bees- wax in warm olive oil (i of hees-wax 
Jds of olive oil) will keep them for two years.— ^ews, August 1865. p. 84. 

t Dr Letheby informs us, that from 1800 to 1856 there were 177 patents taken out for drying 
and preserving food. Of .these-fiO wei^ for drying the food, 81 for excluding atmospheric uir, 
and 8 for giving on impervious coating. 
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It is otvious how important it must be in time of war to have a food which 
may be at once nutritious, portable, easily cooked, and not liable to deteriora- 
tion. Lind’s sagacious mind long ago saw this, and he strongly urged the 
advisability of having on board slap prepared food of this kind. It must be 
remember^, however, that a man must get his 260 to 300, or even 360 grains 
of nitrogen, and 8 to 12 ounces of carbon, in each twenty-four hours, besides 
some hydrogcm and salts. The work of the body when in activity cannot be 
carried on with less ; and at present these elements cannot be presented to us 
in a digestible form in a smaller bulk than 22 or 23 water-free ounces. Con- 
centration at present cannot be carried beyond this, and practically has not 
really been carried to this point. Life, however, and vigour may for some 
days be preserved with a much less amount ; and I have reduced the' total 
amount of food to 11 water-free ounces daily, with full retention of strength 
for seven days, though the body was constantly losing Weight. For expedi- 
tions of three or four days, if transport were a matter of great difficulty, 
soldiers might bo kept on 10 or 12 ounces of water-free food daily, provided 
they had been fully fed beforehand, and subsequently had time and food to 
make up the tissues of their own body, which would be expended in the 
time, and would not have been replaced l3y the insufficient food. 

"When wc inquire into the concentrated foods now in the market, some of 
wliich profess to supply all the substances necessary for nutrition, we find 
them not very satisfactory. They are often not so concentrated as they might 
be, or are deficient in important principles, or arc disagreeable to the taste. 

DrifuL MmL — Meat dried at a very low heat has been brought into the 
market by Verdeil. It has lost the greater part of its water, is hard, and 
recpiires very careful cooking, but is believed to be nutritious when well , 
prepared. * 

Messrs M‘Call of London have also prepared an excellent dry meat \ it is 
sold in packets, each of which weighs 4 oz., and is intended for one meal It 
contains salt and pepper, and 12 per cent, of water. 

HassalVs Flour of Meat, — Good fresh meat, freed from visible fat, is care- 
fully dried at a very low temi>eraturo, and is pulverised by machinery, so that 
a very fine smooth powder is formed. This is mixed with about 8 per cent, 
of arrowroot, 2]^ per cent, of sugar, and 3 per cent, of a mixture of salts, 
pepper, spices, and colouring matter. The object of the arrowroot is to assist 
its suspension in water. From an analysis of 3 samples of the commercial 
flour of meat, I found the average to be in 100 parts — water, 12*68 ; fat, 
10*99 ; salts, 3*82; and nitrogen, 8*81 ( = nitrogenous compounds, 65*5); the 
rest is made up of arrowroot, spices, sugar, &c. The free acidity, taken as 
lactic acid, is 1*8 per cent. As this flour of meat contains albumen and 
fibrine in a condition well adapted for nutrition, it is probably more suited 
than Liebig’s extract for a diet of long continuance. I have tried some ex- 
periments with it, and found that, when given with bread alone, it did not 
nourish properly. Two gentlemen, who lived on it and bread for some days, 
both became indisposed, and there was great dyspepsia, evidently imperfect 
digestion, with, in both cases, an eruption of acne. When to the same diet 
a laiger amount of fatty and vegetable foods wore added, without any increase 
in the meat or bread, the effect on health was described by both observers as 
perfectly marvellous; all symptoms of illness disappearedf, and with this 
proper admixture of foods, Has^U’s flour of meat answered admirably.* 


* I have seldom been more impressed than with these experiments ; tihe evident difflcnltv in 
diij^ion of Hossall’s food by itself, and in its perfect digestibility ana evident nutritive power 
wn^ there was admixture of vegetables and carbo-hydiratee and fat, convinced me of tim im* 
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Hassall’s flour of meat keeps very well ; but if the open tins are exposed to 
the air, after several months it ^ghtly changes colour, and then acquires a 
pecuhar odour. Subsequently it decomposes. But if well fastened, it will 
keep for a very long time. It wiU certainly be a valuable addition to the 
resources of the military surgeon. 

Under the terms Tasajos and Charqui^ two kinds of meat are prepared in 
South America ; it is probable that these terms have not always been used 
in the same scjnse. According to Mr Bridges Adams, Tasajos is meat cut in 
thin slices, dipped in brine, and then partially dried. Charqui is thin strips 
of muscular fibre from which the fat is removed, dried rapidly by sun heat, 
and sprinkled with maize. The salted dried meat (Tasajos), analysed by 
Hassau, gave from 29 to 56 per cent, of water; 15 to 41 per cent, of 
nitrogenous substances; 3 to 12 of fat, and 11 to 20 of salts. 

The dried moat of the Kaffirs (beltong) is very much the same; great 
hunks of beef are sun-dried, and remain undecomposed for a long time. So 
also in Egypt the meat is dried by exposure to the sun and north wind. 

The Pemmican of the Arcjtic voyagers is a mixture of the best beef and fat 
dried together, and is an cxceUont food, though rather ex].xjnsive. Sugar is 
sometimes added, and sometimes raisins and (iurrants ; the lattcir would be a 
very desirable addition where there was a deficiency of vegetable food. Eolt 
analj^sis of pemmican see page 195. 

Liebig’s Extradum Cands is the juice of meat extracted on the following 
plan : — Every particle of meat is separated from fat and tendons, and is 
then subjoct(Hl for some time to a moderate heat ; a viscid dark extract at last 
collects, which contains the salts, creatin, and other organic nitrogenous siib- 
ijiucos. ^ Mixo<l with warm water, this extract gives a highly agreeable and 
nutritious beef-tea or mutton broth. One R> of mutton gives about two-fifths 
of an ounce of extract. It has the remarkable quality of not decoiiq}osing ; 
Idebig had some for fifteen years in a bottle loosely stopi)erod. 

There are now numerous sam^jlcs of Extrcictuin Garrds in the market, pre- 
2)ared in South America and Austndia. The majority have an almost identical 
composition. I have analysed five different kinds, and there arc other 
analyses by Apjohn and IlassalL IVo of my five samjfies were obtained from 
the Fray Bentos Company, the others from Australiii, Buenos Ayres, and 
Monte Video. The avenige amount of water (using round numbers) was 16 
per cent. ; of asli, 20 per cent. ; of nitrogen, 8 jjer cent. ; the lowest l>eing 
6*6, and the highest 10*14. All htid an agreeable acidity; the average 
q\iantity was equal to 7 grains of free lactic ac^id (assuming that acid to bo 
the sole cause of the acidity, whicli is not certain), and in addition there was 
combined lactic acid equal to 5^ grains. In all these respects the several 
extracts were very similar. There are some other extracts in the market, 
which are less rich in salts and more watery, but containing almost as much 
nitrogen ; gelatine aj)pears to have been ad<led to these. 

When Liebig’s extract is taken during fatigue, it is found to be remarkably 
restorative, increasing the power of the heart, and removing the sense of 
fatigue 'following great exertion. Mixed with wine, it lias been employed 
with great success in rousing men in collapse from wounds. As, however, 
the nitrogenous compounds in the Extructum are not in the form of albumen 
or fibrine, but of other compounds (creatine, extractives soluble in wate.r and 
alcohol), it has been supposed that the nitrogen is not capable of being 
employed in the nutrition of muscles or gland-cells, and, in fact, that the 

imense Importance of attending to these points in coses of sickness. I feel sure that in many 
cases, by adhering too closely to one class of diet, we must do injury. 

S 
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Extractum Camia does not represent a true nutritive albuminate. Liebig 
considered it to be a condiment which increases the power of the stomach to 
digest vegetable food ; and Hbrschelmann,* who does not consider it a sub- 
stitute for meat, yet thinks that it aids in digesting hard meat, and that the 
meat ration can be lessened when it is usecL By some its action has been 
compand to that of tea and coffee, but there does not appear to be any close 
paralldL. By supplying lactic acids and flavouring matters and potash salts, 
it must aid nutrition, even if we suppose that the nitrogenous principles are 
useless, which cannot be considered as yet proved. It has been stated by 
Kemmerichf ' that the potash salts increase at first the power of the heart, but 
afterwards paralyse it, and he believes that large quantities of Liebig’s extract 
may thus be injurious. Bunge J: has repeated the experiments, and fiu&s that 
Kemmerich has much overstated the effects, and that to paralyse the heart 
enormous doses would be necessary. There are about 15 grains of potash 
salts in 100 of extiuct, and Bunge has calculated that if the quantity wliich 
kills a rabbit, increased for size, would kill a man, no less than 226 grammes 
or 347 1 grains would be necessary, which would be equivalent to putting the 
poisonous dose of potash at only 50 grammes (771 grains) ; the extract could 
not therefore do harm, even if taken in most unusu^ doses. 

* When taken in very large doses, the extract (like large quantities of meat) 
does sometimes cause heaviness and torpor, and this has been ascribed to the 
potash salts, but it may be a question whether it is not owing to the excess 
of the nitrogenous extractive matter.§ 

About 230 grains of extract in one pint of water are nearly equal to a pint of 
beef-tea made from -j^ths ft) of fresh beef ; f th ounce of extract in one pint 
are equal to a pint made from 1 lb of fresh beef. There is, however,^a geneagj;- 
opinion that the extract beef-tea is not so good as that made at once froni 
fresh beef ; a mixture of the two is well spoken of. 

It seems probable, though proof has not been given, that Liebig’s extract is 
an anti-scorbutic. 

The “ concentrated beef-tea ” is beef-tea and the juices of the compressed 
beef mixed and evaporated. This is a highly nutritious substance, and most 
useful to the army surgeon. Mixed with wine, and given as soon as possible 
after wounds are received, in the time of shock and collapse, it was found in 
the Austrian army (in 1859) to save the lives of many wounded men, and the 
experience of the Federal American army is to the same effect (Hammond). 
Extractum Camis is now made also by pressure without heat. 

Extract of Mutton , — An Australian extract of mutton is now sold, which 
is more solid tlian Liebig’s extract, and differs from it in containing much fat. 
It is a very good preparation, 

Bellat'a Extract of Meut ,^ — In making this extract, the meat, deprived 
of fat and tendons, is cut up very fine, and exhausted with cx)ld water; the 
residue is vapour-heated in hermetically-sealed vessels, and is then heated with 
its own weight of water and a proper quantity of bone to 194° Fahr. for six 
hours ; it is subsequently pressed in an hydraulic press, mixed with water and 
cooked vegetables. To this mixture the cold-water extract is then added, and 

♦ Pohmidt’s Jahrb. 1872, Jan., p. 21. 

f Zeitscli. fiir die ges. Phys., band ii. p, 49, 1869. See my Beport on Hygiene in tlie Army 
Med. Department Bine Book, vol. ix. p. 256, for an abstract and mscussiou. 

± Zeitsch. ftir die ges. Phys., band iv. p. 234. 

§ Two gentlemen at my request lived for four days on Liebig’s extract and bread. One lost 
weight, but was otherwise liealthy ; the other became indisposed and gained weight, as if excre- 
tion were interfered with. The.se symptoms wei*e at once removed by the addition of fata and 
starches to the same diet, as in the analogous case noticed as occurring in the experiments with 
Bassoll’s dried meat. 

. II Poggiale, Bee. de Mem. de Med. Milit. 1868, Auvril, p. 268. 
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the whole is heated to clarify it, and is then filtered. It is subsequently 
evaporated to the consistenpe of thick honey^ and packed in metal boxes, from 
which the air is excluded. A little less than an ounce (25 grammes) in If 
pint (1 litre) of water makes a good;^ beef-tea. 

EdwardCs paierd desiccated soup consists of a mixture of beef and veget- 
ables ; it is easily prepared by boiling in water, about an ounce to a pint of 
water. It was well spoken of in the Ashantee war. ^ 

Meat Biscuits . — ^These biscuits, or powders, for they are generally powdered 
and sold in canisters, are formed by mixing rich extract of meat with wheat 
flour, and drying. The biscuit of Mr Gail Borden, of Galvest^ in Texas, 
contains equal parts of meat-extract and dried flour (made in a Papin's 
digester). A biscuit like this was very much used in the American war. 
The inventor represents that 10 will last a man for fourteen days, or at the 
rate of 11*2 ounces a-day, but this is clearly an exaggeration. The biscuit, 
after being powdered, is soaked in cold water for a few minutes, then boiled 
from twenty to thirty minutes. 

Meat bisuits can be made in a very simple way, by mixing together, cook- 
ing, and baking 1 lb flour, 1 fc meat, J % fat (suet), ^ lb potatoas, with a 
little sugar, onion, salt, pepper, and spices. A palatable meat bisuit, weigh- 
ing about 1^1), containing 10 to 12 per cent, of water, is then obtained, •' 
which keeps quite unchanged for four months. 

Pea Sausage . — In the Franco-German war the Germans made great use of 
a pea sausage, made by mixing pea-flour and fat pork, with a little salt. I 
found it to contain, in 100 parts, 16*2 of water, 7*19 of salts, 12*297 of 
albuminates, 33*65 of fat, and 30*663 parts of carbohydrates. It is ready 

ked, bijjb can be made into a soup. It was much relished for a few daysi, 
but the men got eventually tired of it, and in some it produced flatulence and 
di£HTh<m 

Flour Sausages . — A mixture of pork and wheat flour has been used in the 
same way. 

Maize and Beef , — ^The Germans in 1870 made also use of a mixture of 
maize and beef, which appears to have been much liked. 

Dried Gm'ealia . — Many flours, if well dried, will keep for a long time. 
Hard's ‘^farinaceous food for infants” is wheat flour baked. Denham's 
“ farinaceous food ” is composed of 3 parts wheat flour and 1 part of barley, 
dried at a heat of 200° Pahr. It loses from 26 to 30 per cent, in weight. 
The Russian Government formerly used a cake composed of a mixture of 
oatmeal and malt (2 parts to 1) ; it was baked, and formed an agreeable article 
of food. When placed in water in a warm place, a slight fermentation goes 
on, and a kind of boor is i)roduced. I have kept those cakes unaltered for 
more than a year. There are now in the market difterent kinds of malt 
biscuit and granulated malt food. Liebig's food for infants is composed of 
equal parts of wheaton flour and malt flour mixed with a little carbonate of 
potash and cooked with 10 parts of milk. The wheat and malt flour are now 
usually cooked, and sold in powder ready to be boiled with the milk. 

Dried Bread . — In addition to biscuit abeaiiy described, bread has been 
partially dried by being pressed in an hydraulic press (method of Laignel). 
Much water flows out, but when taken out the bread still feels moist. In a 
day or two, however, it becomes as hard as a stone, and in a year’s time will 
be found good and agreeable. Placed in water, it slowly swells. The “pain 
biscuits ” of the French army is bread dried by heat (see Bread). 

Drived Potatoes are sold in two forms — slices and granulated. In either, 
case the potato is easily cooked, and is very palatable. It should be soaked 
jin cold water first for some time, then slowly boiled, or, what is much better, 



FOOD, 


r Tl^e cooking Edward’s preserved potato (which is 

To throe quarters of a pound add alboiSt^<^ quart of boil- 
ihg^we^^ 'a^ at the same time j cover it closely ; the ba^ qr vessel 

should be kept hot; let it stand for ten minutes; then BWfcsh, 
adding ^ butter, sajt; &c.v at dw It is stated to be equal to six times 

of the fresh vegetable, but this is hardly borne out by analysis : four 
as high as it would be safe to allow. Indeed both my own and 
^E’ldfessdr Attfield’s an^ (see Report of Committee on Scurvy, 1877) show 
that a & of preserved potato contains the solid matter of only 3|i- m of ordinary 
freijili potatoes. (F. de C.) 

Dried Vegetables {other than Po^a^oe^).— Dried and compressed vegetables 
of all kinds (peas, cauliflowers, carrots, &c.) are now prepared, especially by 
Messrs Masson & Challot, so perfectly that, if properly cooked, they furnish 
a,djsh almost equal to fi^h vegetables. Professor Attfield (see Import of 
Cohimittee onScu^) found tlmt dried compressed cabbage contained the 
solids of tinies its weight of fresh cabbage, whilst the mixed vegetables 
contained five and a times the soUds of the fresh vegetablela. They must 
be cooked very slowly/ If there is any disagreeable tiste' from commencing 
putrefaction, which ia ver^ rare, a little fehloride of lime removes it at once, 
Potassium permanganate can be also used for th& purpb^.^ ^ . 

As anti-scorbutics they are said to bo inferior to the fresh vegetable 
(experience of American war), but are still much better than nothing.* 

Dried Milk, — ^Preserved milk is sold in a liquid form (see Milk), but is also 
'Sold as a powder. Desiccated milk is now very well prepare^l ; I examined 
a sample of Fadeuille’s desiccated milk; the bottle contained 1502 grains, 
consisting of — ^ *. - 

Casein, , . • • . . 524*588 

Fat, 330*442 

Lactin, , . . , . 492*265 

Salts, . . . . , 73*890 

and intended to be mixed with a quart^of watar. When so mixed it had a 
specific gravity of 1026 ; a little sugar had probably been added. Cream to 
the extent of ^^ths rose to the surface. The milk turned acid in twenty- 
four hours. 

Concentraied Milk, — ^Milk is evaporated at low steam heat to the consistence 
of a thick syrup, and white sugar is ^ded. I have examined four kinds, 
three of these being very similar, the fourth more watery, but of less cost. 
There was no impurity, and the casein/fat, and salts were in good proportion. 
The percentage of water was 20, 21*8, aqd 19*2 ui the three concentrated 
milks, and 42*15 in the watery. AftOT opening the tins all the samples re- 
mained good for over a month. 

Dried Eggs, — ^The yolk is not easily kept after drying, but the white can 
be so ; it is cut into thin scales, and forty-four eggs make about 1 2). The 
yolk and white are also mixed with flour, ground rice, &c., and are then dried. 

♦ Prbfessor Attfield dt) coneiders that in the compressed vegetables some, at least, 
of the juice is lost in the nrexMiratioD. urohablv bv pressure. 
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BEVERAGES AND CONDIMENTS. 

SECTION L 

ALCOHOLIC BEVEKAGES. 

■K 

Although it is convenient to place all the beverages which contain Alcohol 
under one heading, they yet differ materially in composition and effects. 

Sub-Sbotion L — Beer. 

Cornposition, — The law formerly ^owed only malt and hops to be used in 
brewing,* but since the repeal of the hop duties various bitter substances are 
used. !]^er ought to consist of malt and hop extracts only, — of alcohol, formed 
by fermentation, and of salts added in the water, or present in the malt and 
hops. 

The specific gravity varies from 1006 to 1030, or even more, in the thick 
German beers; the average in English beers and porters is from 1010 to 1014-. 

^J^he percentage of malt (dextrin, cellulose, sugar) is from 4 to 15 per cent, in 
ale, and from 4 to 9 per cent in porter. It is least in the bitter, and highest 
in the sweet ales. The hop extr^t (lupulite and resin) is in much smaller 
amount. The alcohol varies from 1 to 10 per cent, in volume. The free 
acidity which arises from lactic, acetic, gallic, and malic acids, ranges 
(if reckoned as dry acetic acid) from 16 to 40 grains per pintf The sugar 
has a great tendency to form glucinic acid There is a small 

(luantity of albuminous matter in most beers, but not averaging more than *6 
per cent. The salts average *1 to *2 per cent., and consist of alk^ine chlorides, 
and phosphates, and some earthy phosphates. There is a small amount of 
ammoniacal salt. The dark beers, or porters, contain caramel and assamor. 
Free carbonic acid is always more or less present ; the average is *1 to *2 parts 
by weight per c(mt., or about If cubic inch per ounce. Volatile and essen- 
tial oils are also present. 

Adopting mean numbers, 1 pint (20 ounces) of beer will contain : — 
Alcohol, . . • • • • 1 oun^ 

Extractives, dextrin, sugar, . . . 1'2 „ (624 grains). 

Free eujid, . . . . . 25 grains. 

Salts, . . . . . . 13 grains. 

Pkyitiologieal Action, — ^The action on tissue metamorphosis, as far as is 
known, is supposed to be one of lessened excretion ; the urea and pulmonary 
carbonic acid l^ing both decreased. If this be the case, it is not owing to the 

* In the Licensing Act (1872), clause 19 contains penalties for using any deleterious substance 
for mixing with liquors sbld by persons having licences under the Act, and in tlie first schedule 
to the Act is a list of deleterious ingredients, viz. Cocculus inmcus, chloride of sodium 
(otherwise common salt), copperas, opium, Indian hemp, strychnine, tobacco, darnel seed, extract 
of logwood, salts of zinc or lead, alum, and any other extract or compound of any of the above 
ingiwents.** Several articles, which are supposed to be used as adulterants, are omitted from 
this list. ' ‘ 

t Beckoned as glacial acetic acid, these numbers would be slightly increased* 
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^cohol, at least in moderate dietetic doses, but to some of the other 
ingredients ; but the experiments require repetition.* On the nervous system 
the action is probably the same as that of alcohol The peculiar exhausting 
or depressing action of beer taken in large amount has been ascribed 
by Eanket to the large amount of potash salts, but probably the other con- 
stituents (especially the hop) are also concernei 

When beer is taken in daily excess, it produces gradually a state of fulness 
and plethora of the system, which probably arises from a continual, though 
slight in^rference with elimination, both of fat and nitrogenous tissues. 
When this reaches a certain point, appetite lessens, and the formative power 
of the body is impaired. The im^rfect oxidation leads to excess of partially 
oxidised products, such as oxalic and uric acids. Hence many of the 
anomalous aifections, classed as gouty and bilious disorders, which are 
evidently connected with defects in the regressive metamorphosis. 

The question, what is excess ? is not easy to answer, and will depend both 
on the composition of the beer, and on the habits of life of those who take it, 
but judging from the amount of alcohol which is allowable, from one pint to 
two pints, according to the strength of the beer, is a sufficient amount for a 
healthy man. 


EXAMINATION OF BEER. 

This is directed to ascertain — 1. Quality ; 2. Adulterations. 


1. Quality, 

J^hysical Characters - — The beer should be transparent, not turbid. 
Turbidity arises from imperfect brewing or clarifying, or from commencing 
changes. If the latter, the acidity will probably be found to bo tncrease*""* 
The amount of carbonic acid dwngaged should neither be excessive nor 
deficient. 

The taste should be pleasant. If bitter, the bitterness should not 
be persistent. It should not taste too acid. 

Smell gives no indication till the changes have gone to some extent. 

If there is any turbidity, there will be found on microscopic examination 
abundance of yeast cells and amorphous deposit. 

2. Deterimne ^ Specific Gravity , — If this is done after the alcohol is driven 
off (see Determination of Alcohol), an approximate conclusion can be formed 
of the amount of solids by dividing by 4 the excess of the specific gravity 
over 1000. The more mslt extract, the greater is the body of the beer. 


Si>eciflc Gravity 
after loss of Alcohol. 


Per cent, of 
Extract, 

Specific Gravity 
aftor loss of Alcohol. 


Per cent, of 
Exti-act. 

1004 . 

, 

1 

1024 


6 

1008 . 

• 

2 

1028-1 . 


7 

1012 . 


3 

1032-2 . 


8 

1016 . 

. 

4 

1036-3 . 


9 

1020 . 

. 

5 

1040-4 . 

, 

. 10 


3* Determine Acidity , — This is a very important matter, as the increase of 
acidity is an early effect when beer is undergoing changes. 

The acidity of beer consists of two kinds. 

Volatile Acids, — ^viz., Acetic and carbonic. 

Non-Volatile Adds, — ^viz.. Lactic, gallic or tannic, malic, and sulphuric, if 
it has been added as an adulteration. 


(Journal of Anatomy and Physiology^ May 1874) states that alcohol diminishes both 
the pulmonary carbonic acid and urea. ^ r « uuu* 

t Phys, des Menschen, 1868, p. 189. 
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r To determine acidity of beer and aU other liquids, the easiest plan is to 
prepare an alkaline solution of known strength. 

Standard Alkaline Solviion. 

A standard acid is first made, and ciystallised oxalic acid (C 2 H 2 O 4 + 2 OH 2 ) 
(equivalent 126) is now usually employed. 

One-twentieth of an equivalent (6*3 grammes) is taken and dissolved in 1 
litre of water. 1 C.C. of this solution contains therefore *0063 grammes of 
crystallised oxalic acid, and is exactly equal, of course, to an equivalent pro- 
portion of any other acid. 

A solution of liquor sodas, or potassae if soda cannot be obtained, is now 
taken and graduated with the acid solution ; so that 1 C.C. of ox Jic acid 
solution shall exactly neutralise 1 C.C. of the alkaline solution. Then 1 
C.C. of the alkaline solution will be equal to *0063 grammes of oxalic acid, 
or to an equivalent proportion of any other acid, as shown in the table. 

solution^^JjlS { crystallised oxaUc acid ( 0 ^ 0 , + 2 OH 2 ). 




99 

•0051 

99 

acetic anhydride or anhydrous acetic acid 

(C4HA). 

99 

•0060 

99 

glacial acetic acid (CgH^Og). 

99 

•0064 

99 

citric acid (CgHgO^).* 

99 

•0075 

99 

tartaric acid (C^RqOq)* 

99 

•0090 

99 

lactic acid (CgHgOg). 

99 

•0040 

99 

sulphuric anhydride or sulphuiic trioxide 
(SO 3 ). 

99 

•0049 

99 

sulphuric acid (S 04 H 2 )t 


In pfeparing the alkaline solution, dilute the common liquor potasses of the 
pharmacopceia (if caustic soda cannot be had) with about 7 or 8 parts of water ; 
jmt a portion into the burette, and add it to 10 C.C. of the standard acid, 
coloured with litmus or cochineal It will be found that about 8 or 9 C.C. 
of the liquor potasses will neutralise the 10 C.C. of acid ; read off the amount 
of alkaline solution used, measure the remaining portion, and calculate by 
rule of three how much water must be added to dilute it, so that 10 C.C. 
shall be required to neutralise 10 C.C. of the acid. 

Exam][)U , — 10 C.C. of acid required 8*7 C.C. of alkaline solution, and the 
remainder of the alkaline solution measured 160 C.C. 

8*7 : 10 : : 160 : ^ 
a? = 183*9. 

Thus (183*9 - 160 = ) 23*9 C.C. of water must be added to the 160 C.C., 
to dilute it to the proper strengtL Add then this amount of water, and test 
it once more to see that there is no mistake. The alkaline solution docs not 
keep well, and must be re-tested, if a long time passes without its being used. 

Having prepared the alkaline solution, take a measured quantity of beer 
(say 10 C.C.), and drop in the alkaline solution from the bmette, till exact 

* Citiic acid is tribosic and tartaric acid bibosic, hence their relative neutralising quantities 
are respectively one-third and one-half of their equivalents. 

t In stating the result of the inquiry, the composition of the acids should always be given, by 
adding the symbols, otherwise error may arise. If the symbols are given, no mistake is possible. 
It must be remeiubiered that the atomic weights are those of the unitary system. With regard 
to litmus, it ought to be very good and neuti’al. The best way of making it is to make first a 
concentrated watery solution, then to add dilute sulphuric acid to slight acid reaction, boil, 
and then add liq. baryta to very slight alkaline reaction ; destroy the alkaline reaction by passing 
through two or three bubbles of carbonic acid. Boil,. filter, and add one- tenth part of alcolioL 
Cochineal is probably more convenient, as it gives a sharper reaction : for its preparation see 
page 81. 
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neutrality is reached. Then read ofif the number of C.C. of alkaline solution 
used ; multiply by the co-efficient of glacial acetic acid, and the result will be 
the amount of total acidity in the quantity of beer operated on, as expressed 
in glacial acetic acid (the symbols being always used in the report). By 
shifting the decimal point two places to the right, the amount per litre is 
given. To bring grammes perj litre into grains per pint multiply by 70, and 
divide by 20 ; or, what is the same thing, multiply at once the number of 
centimetres of alkaline solution used by 5*25. If an ounce has been taken 
instead of lOC.C., multiply the C.C. of alkaline solution by 1’85 to bring the 
amount into grains per pint. ^ 

If the alkaline solution cannot be made, dried carbonate of soda must be 
used ; weigh 53 grains, and dissolve in 1000 C.C. of distilled water ; 1 C.C. = 
•063 grains, and this is equivalent to *063 grains of crystallised oxalic acid. 
If there is no iDurette, then weigh 100 grains of carbonate of soda ; add por- 
tions gradually to the beer, and when the beer is neutralised, weigh the 
carbonate of soda remaining. Then calculate by rule of tliree. 

As 53 is to the equivalent of the acid sought ; so is the amount of carbonate 
of soda used to x; a? — amount of acid in the quantity of beer operated 
upon. 

The total acidity can bo divided into fixed and volatile by evaporation. 
While the total acidity is being determined, evaj^orate another measured 
quantity of beer to one-third, then dilute with water, alid detennine the 
acidity. The acetic and carbonic acids being volatile are driven off, and lactic 
and other acids remain. Deduct the amount of alkaline solution used in this 
second i)rocess from the total amount used, and this will give the amounts 
used for the volatile and fixed acidities rcjspectively ; expreiss one in terms of 
acetic, the other of lactic acid. Short factor for lactic acid =7*87Sk The 
fixed acidity is greater than the volatile in almost all beers, and sometimes 
five or six times as much. 

Generally speaking the determination of total acidity of beer given in 
books is too great. I have seldom found it to he more than 30 gi’ains j)er 
pint, and often less; sometimes not monj than 14 or 15 grains. In 31 kinds 
of porter and stout recorded in tha Britwh Medical Journal (June 1870), the 
acidity per pint varied from 25*22 grains (the highest) to 14*14 gmins (the * 
lowest amount). In 23 kinds of ale, the highest and the lowest amounts i)er 
pint were 35*39 and 7*97 grains. 

4. Determine Amourd of AlcolioL — ^There are various ways of doing this, 
but one of the two following will be sufficient. 

Measure a certain quantity, say one pint of btjer, and take the specific gravity 
at 60° or 68° Fahr.* Ist^ Put into a retort and <iistil at least two-thirds. 
Take the distillate, dilute to original volume with distilled water, determine 
the specific gravity at 60° or 68° by a proper instrument, and then refer to the 
annexed table of specific gravities — opposite the found specific gravity the 
percentage of alcohol is given in volume (not in weight). 

2d^ Then, to check this, a plan recommended by Mulder may be used. 
Take the residue of the beer in the retort, dilute with water to the original 
volume, and take the specific gravity at 60** or 68°^ 

Then deduct the specific gravity before the evaporation from the specific 
gravity after it, take the difference, and deduct this from 1000 (the specific 
gravity of water), and look in the table of specific gravities for the number 


* Hassail recommends previous removal of CO-, by shaking up in a corked bottle for 10 

minutes, opening the bottle from time to time, and sucking air tl^ugh it with a tube. This 
is more necessary with bottled than draught beer. 
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thus obtained ; opposite will be found the percentage of alcohol* The results 
of these two methods should be identicah 

If there is no retort, this second plan may be used with a common evaporat- 
ing dish, the alcohol being suffered to escape. A common urihometer (tested 
for correctness in the first place by immersion in distilled water at 62“ Fahr.) 
may be employed for determining the specific gravity. The plan is very use- 
ful for medical officers ; it requires nothing but a urinometer and evaporating 
dish.t 


Alcohol {Volume) according to Specific Gravity, 


100 parts. 

Spedfle Gravity, 

100 parts. 

Specific Gravity. 

Alcohol. 

Water. 

At 68*. 

At60“. 

Alcohol. 

Water. 

tAt 68“. 

At 60**. 

50 

50 

0*914 

0-917 

24 

76 

0*966 

0*968 

49 

51 

jO-917 

0*920 

23 

77 

9*968 

0*970 

48 

52 

0*919 

0*922 

22 

78 

0-970 

0*972 

47 

53 

0*921 

0*924 

21 

79 

. 0-971 

0-973 

46 

54 

0*923 

0*926 

20 

80 

0*973 

0*974 

45 

55 

0*925 

0*928 

19 

81 

0*974 

0*975 

44 

66 

0*927 

0*930 

18 

82 

0*976 

0-977 

43 

67 

0*930 

0*933 

17 

83 

0-977 

0*978 

42 

58 

0*932 

0*935 

16 

84 

0*978 

0-979 

41 

59 

0*934 

0-987 

15 

85 

0*980 

0*981 

40 

60 

0*936 

0-939 

14 

86 

0*981 

0*982 

89 

61 

0'938 

0*941 

13 

87 

0*983 

0*984 

38 

62 

0*940 

0*943 

12 

88 

0*985 

0*986 

87 

63 

0*942 

0*945 

11 

89 

0*986 

0*987 

86 

64 

0*944 

0*947 

10 

90 

0*987 

0*988 

36 • 

65 

0'946 

0*949 

9 

91 

0*988 

0*989 

34 

66 

0*948 

0*961 

8 

92 

0*989 

0*990 

33 

67 

0*950 

0*963 

7 

93 

0*990 

0*991 

32 

68 

0*952 

0*955 

a 

94 

0*992 

0*992 

31 

69 

0*954 

0*967 

■ 5 

95 

0*994 

0*994 

30 

70 

0*956 

0*958 

1 4 

96 

0*996 

0*995 

29 

71 

0*957 

0*960 

3 

97 

0*997 

0*997 

28 

72 

0*959 

0*962 

2 

98 

0*998 

0*998 

27 

73 

0*961 

0*963 

1 

99 

0*999 

0*999 

26 

74 

0*963 

0*965 

0 

100 

1*000 

1*000 

25 

75 

0*965 

0*967 






Alcohol is sometimes stated by weight in volume. Tlie following table 
shows tolerably accurately the relation between the two and the relative 
amount of proof spirit, so that a little calculation will reduce one table into 
another if desired. In other words, if the percentage of alcohol in volume bo 
multiplied by. ’8, the weight of the alcohol is given per cent. If the 
percentage of alcohol in weight is multiplied by 1*25, the volume is given. 
If the percentage volume of alcohol be multiplied by 1*76, the amount of 
proof-spirit is given. 


* It may be puzzling at first to see how this plan gives the result ; but it is simple enough. 
As alcohol is lighter than water, the evaporation raises the specific gravity of the beer in pro- 
portion to the loss of alcohol, and the gam of the beer in specific gravity from the evaporation 
IS exactly equal to the depression in specific gravity which that amount of alcohol would cause 
if added to pure water equal in bulk to the beer o^rated upon. 

f Some difficulty, however, occasionally arises, if the heat in evt^ration is carried too far, 
particularly if the extract on the sides of the dish be charred and tlius rendered insoluble. 
In such a case the only way is, after making up to the original bulk with distilled water, to. 
shake it well up and pour it into a specific gravity bottle and weigh. With care, however, 
and slow evaporation, this difficulty may be avoided, , 
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Per cent, 
in Volume. 

Per cent. 

In Weight. 

Proof Spirit* 

1 

•8 

1-76 

2 

1-6 

3-54 

3 

2*4 

5‘3S 

4 

3-2 

700 

6 

4*0 

8-80 

6 • 

4-8 

10-66 

7 '■ 

5-6 

12-32 

8 

6-4 

14-00 

9 

7-2 

. 15-76 

10 

8-0 

^ 17-60 


5. The solids can bo determined by evaporation, and the ash obtained by 
incineration ; but medical officers will seldom have occasion to do this. The 
specific gravity of the de-alcoholised beer gives a sufficient approximation. 

6 . Evaporate the beer to a syrupy consistence ; it should be a pleasant 
bitter. 

The points, then, to be determined in judging of quality are — 1. Taste ; 

2. Appearance ; 3. Specific gravity of de-alcoholised beer, from which wo find 
the per cent, of extract ; 4. Acidity : 5. Amount of alcohol ; 6 . Taste of syrupy 
extract. 

2m Adulterations of Beer * 

1. Water, — Probably the most frequent adulteration ; detected by taste ; 
determining amount of alcohol and specific gravity of the beer free from 
alcohol. 

2. Alcohol. — Seldom added ; the quantity of alcohol is large in proportion 

to the amount of extract, as determined by the specific gravity after scj)aration 
of the alcohol. 4 

3. Sodium or Oaleimn Carhonate in order to lessen Acidity. — Neither 
adulteration can be detected without a chemical examination. Evapoi-ate beer 
to a thick extract, then |^t in a retort, acddulate with sulphuric acid, and 
distil ; if calcium or sodium acetate be present, acetic acid in large quantity 
will pass over. The extract always contains some acetate, but only in small 
quantity. 

Lime. — ^Evaporate to dryness toother portion of beer, incinerate, dissolve in 
weak acetic acid, and precipitate by ammonium oxalate. In unadulterated 
beer the precipitate is moderate only. 

Excess of soda^ for some always exists in beer, is detected with muchgi'eater 
difficulty, and it will bo well not to attempt this. Mulder states that the 
presence of too great a quantity of lactates may be determined by boiling the 
beer with zinc carbonate, when lactate of zinc deposits, f 

4. Sodium ChlmiAle . — This is hardly an adulteration, unless a very large 
quantity is added, t Take a measured quantity of the beer ; evaporate to 
dryness ; incinerate ; dissolve in water, and determine the cMorine by the 
standard solution of nitrate of silver. (See Analysis of Water.) 

* In his speech in the House of Lords (April 17, 1872, TirnstT report), Lord Kimberley 
stated that a common adulteration is as follows: —A certain amount of beer is drawn from 
the cask of 84 ^llons, and then 6 Ib of “ foots*' (a black coarse sugar), 1 J gallon of " finings*' 
(made from skins of soles and other fish), and 12 gallons of water are put m per cask. This 
beer is ready for sale in two hours, and must be drunk in two days or it goes bad. Salt and 
Gopperaf ijra added by some, but the use of copperas is said not to be general. Ale and stout 
are not mixed with water, but finings” are .used. See page 277 for the list of deleterious 
articles scheduled in the Licensing Act. 

« *1* De la Biire (French edition), 1861, p. 268. 

t The Inland Bevenue office allows ^ grains of sodium chloride per gallon. 
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6. Ferrous Sulphate. — If the beer be light-coloured, a mixture of potassium 
ferricyanide and ferrocyanide (Faraday's test) may be added at once, and will 
give a precipitate of Prussian blue ; if the beer be very dark-coloured, it must 
be decolorised by adding solution of lead subacetate and filtering. 

Or evaporate a’ portion of beer to dryness and incinerate ; if any iron be 
present the ash is red ; dissolve in weak nitric acid, and test with potassium 
ferrocyanide. Two grains of ferrous sulphate to nine gallons of water give a 
red ash (Hassall). The ash of genuine porte]^ is always white, or greyish 
white (Hassall). 

6. Sulphuric add is added to clarify beer, and to give it the hard fiavour of 
age. If the beer be paltt add a few drops of hydrochloric acid, and test with 
barium chloride. A ve^ dense precipitate may show that sulj)huric acid has 
been added, but it must be remembered that the water used in brewing may 
contain large quantities of sulphates. (The Burton spring water is rich in 
calcium sulphate.) If there be a large precipitate, then determine the acidity 
of the beer before and after evaporation ; if the amount of fixed acid be 
found to be very lai^e, there wiJl be no doubt that sulphuric acid has been 
added ; or precipitate with baryta and weigh. (See Water.) 

Mulder recommends that the extract of the beer be heated, and the sulphur- 
ous acid gas which is disengaged led into chlorine water ; sulphuric acid wiU 
be found in the chlorine water, and may be tested for as usual. 

7. Alum. — Evaporate to dryness j incinerate, and proceed exactly as in the 
analysis of alum in breath lie substance added to give “ head " to beer is a 
mixture of alum, salt, and ferrous sulpliate. 

8. Burnt Sugar — Essentia hina — Foots. — Evaporate beer to extract ; dissolve 
in alcoliol ; evaporate.again to extract, and taste. According to Pappenheim, 
these sifbstances prevent the regressive metamorphosis of the tissues, and thus 
injure health. Burnt sugar is added to porter to givB' colour, and the addi- 
tion is not illegal 

9. Capsicum, — Peppers — Grains of Pamdisd^Fi^&'^omtQ to dryness 
carefuUy ; dissolve in alcohol ; filter ; evaporate very carefully to dryness, and 
taste if there is any pungency. In fourteen out of twenty samples of illicit 
beer, Mr Phillips found that grains of paradise had been added. It is 
said that the oils of pimento, zedoary, and ginger are sometimes added. 

10. Aloes. — The taste alone is not rel^ble. Dr Koehler* proposes to 
evaporate the beer. Dissolve the residue in nitric acid, when a yellowish-red 
liquid is obtained, which takes a deep blood-red colour when treated with liq. 
potasste and glucose, or with liq. potassm and either cyanide of potassium or 
sulphide of ammonium, if aloe-resin is present. The nitric acid solution is not 
decolorised by stannous chloride ; if hops only have been used, it is decolor- 
ised. 

11. Colocynth. — ^The residue of evaporated beer, heated with nitric acid, 
yields a yellow solution ; with concentrated sulphuric acid, an intense red 
solution ; and a cherry-red colour is given with Froehde's test (molybdate of 
sodium flissolved in sulphuric acid), f 

12. Colchicin. — A case is recorded in the Med. Times and Gazette (May 16, 
1874, p. 29) by Dr Bottem of Faaboig, in Norway,, where colcliicin was 
detected in some English beer, and caused symptoms of poisoning (vomiting, 
diarrhoea, burning pain in the head, stomach, &c.) 

1 3. Sardonin. — Evaporate beer to extract ; treat with alcohol, filter, evaporate, 

and prepare the santonin as usual by boiling with lime, and precipitating by 
an acid. , ' 


* Schmidt's Jahrh., 1871, No. 10, p. 22. 


t Koehler, op. cit. 
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14. Cocculus indicus , — It is not known whether much of this is now used. 
The witnesses examined some years ago (1856) by the Committee of the 
House of Commons (Schplefield’s) all doubted it ; a large quantity of Cocculus 
indicus is, however, annually imported, and no other use is known.* In two 
instances out of twenty specimens of adulterated beer, analysed in 1863 by Mr 
Phillips, Cocculus indicus was found in largo quantities. 

For the detection of Picrotoxine, Herapath recommends that the beer be 
first treated with lead acetate ; filtered ; excess of Itmd got rid of by sulphuretted 
hydrogen ; fluid evaporated to a small bulk, and mixed with animal charcoal* 
The cliarcoal absorbs the picrotoxine ; it is boiled in alcohol, and the alcohol 
is evaporated on slips of glass. The picrotoxine crystallises as plumose tufts 
of circular or oat-shaped crystals. 

Dr Langley of Michiganf recommence acidulating the beer with hydrochlcjric 
acid and agitating with ether ; the etherial solution yields on evaporation 
crystals of picrotoxine. 

A plan devised by Depaire is considered by Koehler as one of the easiest 
and at the same time the best. Mix one litre of beer with finely powdered rock 
salt : resinous and extractive imitters are thrown down. Shake the liquid 
with ether ; an impure picrotoxine is obtained, which can bo purified. 

Kone of these processes will give more than ^ths of the -picrotoxine. 

When the crystals of picrotoxine are obtained, test them as follows : — 

{a) Eiib the crystals with 3 or 4 parts of pure nitrate of potassium ; add 1 
or 2 drops of strong sTilphuric acid, and then an excess of strong solution of 
soda or potash. A bright reddish-yellow colour is given, if picrotoxine be 
juesent (Langley). 

(h) Dissolve the crystals in strong sulphuric acid; a yellow fluid is obtained. 
Stir it with a glass rod which has been dipped in a concentmted solAion of 
j)otassium bichromate ; a bluish violet colour is obtained (like a strychnine 
reaction), which changes soon into brown, brown green, and at last apple green. 

(c) If a good deal of picrotoxine is obtained, dissolve it in water, and put 
a small fish in the water ; the poisonous effects occur in a short-time. 

15. Strychnine or Nux Vomim , — ^This is a very uncommon adulteration, if 
it ever occur. Add animal charcoal to the beer ; digest for twenty-fours hours ; 
pour off beer ; boil the charcoal in alcohol ; filter ; evaporate one-half ; add a 
few drops of liquor potass«e and then ether ; agitate ; pour off ether, and 
evaporate to dryness ; test for strychnine by the colour test (sulphuric acid 
and bichromate of potash, or peroxide of lead, or manganese, or j^otassium 
permanganate). J 

16. Tobacco is occasionally used ; in twenty specimens of illicit beer 
examined in 1863, by Mr Phillips of the Inland Kevenue department, tobacco 
was found in one. 

17. Picric {Trinitrophenic) Add , — ^Lassaigne recommends the addition of 
subacetate ol lead and anim^ charcoal ; if the beer has still a yellow colour, 
picric acid is present. But, as Mulder and Hassall observe, many beers 
destitute of picric acid remain yellow. Pohl advises to add white uncombed 
wool ; if picric acid be present, it stains it. This is an uncertain test. H. 
Brunner extracts the #picric acid from the wool with hot aqueous ammonia ; 
concentrates to a small bulk, and tests with a drop of solution of cyanide of 
potassium. A red coloration of isopurpurate of potassium will be produced if 
there be 1 part of picric acid in 500,000 of water (Hassall). 


* It 18 Bald to be obtainable from wholesale dmggists under the name of mvltum. 

+ Chemical News, Sept. 6, 1862. 

t Other vegetable bitters are used, but their detection is difficult and uncertain. Mr Sorby 
recommends the spectroscope for detecting calumba root. 
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18. Copper . — Evaporate a portion of tlie beer to dryness ; incinerate ; 
dissolve in weak nitric acid ; test for copper by tbe insertion of a clean knife ; 
by addition of ammonia and of potassium ferrocyanide. 

19. Lead . — Evaporate a considerable quantity of the beer to dryness ; 
incinerate ; dissolve in weak nitric acid, and test for lead as usual (See 
Analysis of Water.) 

Sub-Section II. — Wines.* 


Composition. 

The composition of wine is so various that it is difficult to give a summary. 
The following are the clnef ingredients : — 

1. Alcohol . — From 6 to 25 per cent., volume in volume, of anhydrous 
alcohol. It has been, however, stated that the fermentation of the grape, 
when properly done, cannot yield more than 17 per cent., and that any 
amount beyond this is added, f Some of the finest wines do not contain 
more than 6 to 10 per cent. 

Per cent of Alcohol 
(Volun^e In volume^. 


•I 


Fron 


I 


Port (analysed in England)^ 

Sherry (analysed in England), . 

Madeira (analysed in England), 

Marsala (analysed in England), 

Bordeaux wines, red (mean of 90 determinations of ' 
different sorts : Chateau Lafite, Margaux, Larose, 

Barsac, St Emilion, St Est^phe, <fec.), 

Bordeaux wines, white (mean of 27 determinations 
oj sorts: Sauternes, Barsac, Bergerac, &c.), 

Ehone wines, red (Hermitage, Montpellier, 
tignan, &c.), • . . • . 

Eousillon, ....*. 

Burgundy, red (Beaune, Macon), . 

„ wliite (Chablis, Macon, Beaune), 

Pyrennean, ...... 

Champagnes, 

Moselles, . . . . 

Ehine wines (Johannisberg, Hochheimer, Eiides- 

heimer, &c.), 

Hungarian wine, . 

Italian, 

Syria, Corfu, Samos, Smyrna, Hebron, Lebanon, 

So various is the amount of alcohol in wines from the same district, that a 
very general notion only can be obtained by tables, and a sample of the wine 
actually used must generally be analysed. 


16.621 

: to 

2.3-2 

16 

99 

25 

116-7 

99 

22 

16 

99 

25 

6-86 

99 

13 

11 

99 

18-7 

8-7 

99 

137 

11 

99 

16 

7-3 

99 

14-5 

8-9 

99 

12 

9 

99 

16 

6-8 

99 

13 

8 

99 

13 

6-7 

99 

16 

9-1 

99 

15 

14 

99 

19 

13 


18 


* For aiull account of wines, see the work by Thudichum and Dupi’^ (Origin, Natuie, and 
Use of Wine, 1872). 

+ Mulder (On Wine, p. 186) quotes Guijal to the effect that pure port never contains more 
■than: 12*75 per cent, of pure alcemol ; but Mulder doubts this. Dr Gonnan stated befoi-o tlie 
^ Farliamentai'y Committee that pure sherry never contains more thjyp 12 per cent, of alcohol, and 
that 6 or 8 gallons of brandy are added to 108 gallons of sheity. Thudichum and Dupr6 
(On Wine, p. 682), state that a natural wine may contain a minimum of 9, while the maximum 
limit is 16 per cent, (of weight in volume). They also state that a pipe of 115 gallons of port 
wine has never less than 8 gallons of brandy added to it, and the rich port wines have 13 to 15 
gallons added. It would seem that the natural wines of Australia contain a larger quantity 
of alcohol in some instances than any European wine. 

t Some port used in the Queen’s establishment contained only 16*62, and tlie highest jier 
centage was 18-8 (Hofmann). The sherry contained only 16 per cent., and the claret 6 *85 to 7 
per cent. The highest percentage found by Thudichum and Dupre iu port wine was 19*2 per 
cent, of weight in volume— 23*4 per cent, volume in volume. 
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To tell how much pure alcohol is taken in any definite quantity of wine, 
measure the wine in ounces, multiply it by the percentage of alcohol, and 
divide by 100. 

9 X 13 

Example . — Wine drank being 9 oz., and the percentage 13, then — ■ 

= 1‘17 oz. of absolute alcohol. 

The amount of alcohol can be determined by distillation or evaporation, as 
given in the section on Beer. Instruments, however, are required, which in- 
dicate a less specific gravity than pure water. If the medical officer has only 
a common urinometer, the only plan will bo to dilute with an equal part of 
pure water at GO'*, and then to add a little salt, so as to bring the specific 
gravity above that of water ; then evaporate as usual. * Take the difference 
of the specific gravities (before and after evaporation) ; deduct from 1000, 
and look in the table (p. 281) for the amount of alcohol in the diluted wine j 
by multiplying the result by 2, the percentage of alcohol in the undiluted wine 
is found. Sometimes, besides ethyl alcohol, small quantities of propyl, butyl, 
and amyl alcohols are found in wine. A little acet-aldehyde is present in some 
Greek wines (Thudichum and Dupr^), but is not considered to indicate un- 
soundness.* 

2. Ethers, — CEnanthic, citric, malic, tartaric, racemic, acetic, butyric, 
caprylic, caproic, pelargonic, and many others. Dr Dupr6 states that there are 
25 or even more compound ethers in wine, and some of them are in very 
small quantities. The bouquet ” of wine is partly owing to the ethers 
(especially to the volatile) — partly, it is said, to extractive matters. CEnanthic 
ether is that which gives its characteristic odour to wine. Dr Dupr4 has 
given a very good plan of estimating the amount of the volatile and non- 
volatile ethers, but it is too delicate for medical officers, f 

3. Albuminous Matters — Extractim Colouring Matter , — The quantity of 
albumen is not great ; the extractives and colouring matter vary in amount. 
The colouring matter is derived from the skins ; it is naturally greenish or 
blue, and is made violet and then red by the free acids of wine. The bluish 
tint of some Burgundy wines is owing, according to Mulder, to the very small 
amount of acetic acid which these wines contain. It is, according to Batilliat, 
composed of two matters — ^rosite and purpurite. With age changes occur in 
tbe extractive matters ; some of it falls (apothema), especially in combination 
with tannic acid, and the wine becomes pale and less astringent. 

4. Sugar exists in varying amounts, and in the form for the most part of 
fruit sugar. Sherry generally contains sugar, but not always ; it averages 8 
grains per ounce, J and appears to be highest in the brown sherries, and least 
in Amontillado and MazaniUa. In Madeira it varies from 6 to 66 grains per 
ounce ; in Marsala a little less ; in port, from 16 to 34 grains per ounce, being 
apparently greatest in the finest wine. In champagne it amounts to from 6 
to 28 grains, the average being about 24 grains. In the clarets, Burgundy, 
Bhiue, and Moselle wines, it is absent, or in small amount. 

In determining the sugar, if the copper solution (p. 264) be used, the 
colouring matter is acted on by the alkali of the copper solution, and interferes 
with the appreciation of the change of tint, and must be got rid of by acetate 
of lead, animal charcoal, boiling, and filtering. If any substance exists which 
is still tinned green by the alkali of the copper solution, the wine must be 
neutralised, evaporated to dryness, and the sugar dissolved. As a rule, the 

* If it is present in white wines (such as Sauternes) it is a certain sign of nnsoundness. 

f Chem. Journal, Nov. 1867, and Origin, Nature, and Use of Wine.” 

i Bence Jones in Mulder on Wine,” p. 386. 
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copper solution employed directly with wine gives J per cent, too much sugar 
(Fehling), and a correction to this amount should be made.* 

5. Fat, — small amount exists in some wine. 

6. Free Acids. — ^Wine is acid from free acids and from acid salts, as the 
bitartrate of potash. The principal acids are racemic, tartaric, acetic, malic, 
tannic (in small quantities), glucic, succinic, lactic (?), carbonic, and fatty 
acids, such as formic, butyric, or propionic. Some acids are volatile besides 
the acetic, but it does not seem quite certain what they are. The tannic acid 
is derived from the skins ; it is in greatest amount in new port wines ; it is 
trifling in Madeira and the Ehine wines ; it is present in all white and most 
red-fruit wines, except champagne. The tannic acid on keeping precipitates 
with some extractive and colouring matter (apothema of tannic acid). 

7. Salts. — ^The salts consist of bitartrate of potassium, tartrates of calcium 
and sodium, sulphate of potassium, a little phosphate of lime and magnesia, 
chloride of sodium, and iron. The magnesia is in larger amount than the 
lime, and exists sometimes as malate and acetate. A little manganese and 
copper have been sometimes found. In Ehine wine a little ammonia is found 
(Mulder). The total amount of salts is *1 to *3 per cent. — i.e., about 9 to 26 
grains per pint^ or J to 1 J grain per ounce. The salts can only be detected 
by evaporation and ignition. 

8. The total solids in wine vary from 3 to 14 per cent., or in some of tho 
rich liqueur-like wines to moi*e. The specific gravity dejKinds upon the 
amount of alcohol and of solids, and varies from *973 to 1*002 or more. An 
approximate notion can be formed of the total solids by taking the specific 
gravity, after driving off the alcohol by evaporation, and then replacing the 
water (s^ Beer, p. 278). 

EXAMINATION OF WINE. 

The quality of wine can bo best determined by noting the colour, 
transparency, and taste, and then determining the following points : — 

(1.) The amount of solids as given by the specific gravity after the ehminar 
tion of the alcohol. In the best clarets, before the loss of alcohol, the specific 
gravity is very nearly that of water. In some claret used in the Queen’s 
establishment, and analysed by Dr Hofmann, the specific gravity was *99952, 
In other clarets it is as low as *995. The low specific gravity shows that 
alcohol has been added, or that the solids are in small amount. 

(2.) The amount of alcohol ; a very small amount may show the addition 
of water ; a large amount the addition of spirits. 

(3.) The amount of free acidity. This is an important point, as it seems 
clear that some persons (especi^y the sick) do not readily digest a large 
amount of acid and acid salts. 

The amount is determined by the alkaline solution, as described in the sec- 
tion on Beer, or if this is not procurable, tho dried carbonate of sodium can 
be used. The free acidity is generally reckoned as cfystallised tartaric acid 
{G^^qOq). There is both fixed and volatile acidity ; the relative amount of 
the two is difficult to determine satisfactorily, as some acid may be foimed on 
distillation. The distillation should be conducted at a low temperature, so as 
not to decompose the fixed compound ethers. The volatile acidity is reckoned 
as glacial acetic, the fixed os tart6u*ic acid. 

The amount of free acidity varies greatly even in the same kind of wines ; the 
least acid wines are sherry, port, cliampagne, the best claret and Madeira; the 

^ * The addition of extraneous sqgar to wine may be detected by the use of the saccharometer 
along with Fehling's solution. 
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moro acid wines are Burgundy, Ehine wine, Moselle (Bence Jones). The 
amount of free acid in good clarets is equal to 2 or 4 grains of tartaric acid 
per ounce ; in common clarets and in Boaujolais, it may be 4 to 6 grains, and 
in some extremely acid wines it may be even more than this. In the best 
champagnes it is 2 to 3 grains usually ; but it has been known to reach in ex- 
cellent champagne 1*12 per cent., or 4*8 pains per ounce.* In port 
it averages 2 to 2J grains, but may roach 4 grains ; in sherry 1 J to 2 J grains ; 
in the Ehine wines, 3^ to 4 or 6 grains. ITiiidichum and I)upr6 state tliat in 
good sound wine the amount of free acidity ranges from *3 to *7 per cent., or 
from 1*3 to 3 grains per ounce. 

The taste of wine does not depend entirely on, but yet is very greatly in- 
fluenced by. the degree of acidity. Mr Griffin f states that good-tasted win(i 
contains from 1*87 to 2*8 grains of crystallised tartaric acid per ounce ; that 
if it contains less than 1 *87 grains it tastes flat ; that if more than 3 grains 
per ounce, the wine is too acid to be agreeable ; if more than 4*37 grains per 
ounce (1 per cent.), it is too acid to be drunk. These numbers are rather 
lower than I should have supposed. J 

(4.) 'Fhe amount pf sugar. The best modes of determining this have been 
alreacly noticed. 

(5.) It may bo sometimes useful to determine the amount and kind of ethers 
by fractional distillation. 

ExcOxsaivc^ acidity of ^vine can be corrected by adding neutral tartrate of 
potash. Milk is also often used. Tlie addition of the carbonattxl alkalies, or 
of chalk, alters the bouquet of the wine. When wine becomes stringy, in 
wliich case acetic and lactic acids are formed, it may be improved by adding a 
little tea ; a])out 1 ounce of tea boiled in 2 quarts of water should be^^added to 
about 40 gallons of wine. Bitter wine is treated witli hard water or sulphur ; 
bad smelling wine with charcoal ; too astringent wine with gelatine ; wine 
which bistes of the cask with olive oil.§ 

Adulterations of Wine. 

1. Water . — Known by taste ; amount of alcohol ; specific gravity after 
elimination of ahjohol, 

2. Didilled Spirits . — Known by determining the amount of alcohol ; the 
‘normal percentage of the particular kind of wine being known. By fractional 
distillations the peculiar-smelling fusel oils may be obtained ; or merely 
rubbing some of the wine on the hand, and letting it evaporate, may enable 
the smell of tliese ethers to bo perceived. 

3. Artificial Colouring Matters . — ^The following are the chief colouring 
mattcus, as stated by Thudichum and Dupr6. Logwood is the great colouring 
material, and also blackberries, elderberries, and bilberries. There are no 
good metho^ of recognising these substances ; salts of lead, ammonia, and 
ammonium sulphide, fdum, and potassium or ammonium carbonate, and salts 
of tin liave been used. as ro-agonts. TTie most useful test appears to be this : 
add to the wine about Jth volume of strong solution of alum ; stir well, and 
then add about an equal quantity of strong solution of ammonium carbonate ; 


; * This was the case in some champagne examined hy Dr Hofhiann. 

f Report on Cheap Wine, by R. Drmtt, M.D., p. 178. 

j From 13 analyses of sound ordinary port, I found the mean acidity to be 1*97 per ounce ; 
in some samples of sheiry, 1*90 ; marsala, 1-5 ; light claret, 8*1 ; in a rather sour claret, 4*0 ; 
in a sample of Montilla, a fine wine, but too acid, 3*1.5. (F. de C.) 

§ Wine is subject to several diseases, which, according to Pasteur, depend on different kinds 
of ferments (see Review on Hygiene in Aru^ Medical Department Report, vol. vii. p. 340). 

> By heating the wine to about 1^° to IZV* Fahr. these xuyeoderms’’ are killed, and the wine 
undergoes no further change, ' 
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the natural colouritig matter of the wine when thrown down in this way has 
a greenish or dirty bluish-green colour, but there is no tinge of red ; logwood 
and several other abnormal colours have a distinct red or purplish tint.* 

4. Lime Salts. — The so-called pl&trage ” of wines consists in the addition 
of 1 J Ib to 7 ft of a mixture of sulphate of lime (80 parts), carbonate of lime 
(12), quickhmo and sulphide and chloride of calcium (8 parts) to 1 hectolitnj 
of wine. Sulphate of lime dissolves in large proportion, and then inter- 
changes with the chloride of potassium, and chloride of calcium and sulphate 
of potassium are formeiL The chalk forms acetate and tartrate of lime. The 
proportion of lime salts is then very largo. The only precise way of detecting 
this adulteration is by evaporating to dryness, incinerating, and determining 
the amount of lime. But the following method is shorter, and will generally 
answer. The natural lime salts of wine are tartrate and sidphate ; when lime 
is added an acetate of lime is formed. Evaporate the wine to j^th ; add 
twice the bulk of strong alcohol \ the acetate of lime is dissolved, but not 
the sulphate or tartrate ; filter and tost with oxalate of ammonium ; if a large 
precipitate occur, lime has probably been added. 

5. Tannin may be detected either by chloride of iron or by adding gelatine. 

But as tannin exists naturally in most of the red wines (Port, Beaune, 
Eoussillon, Hermitage, &c.), the question becomes often one of quantity. 
The amount of tannin can be estimated by drying the tannogelatine (100 
grains contain 40 of tannin). ^ 

6. Alum . — This is detected precisely in the same manner as in bread. 
Evaporate a pint of the wine to dryness i incinerate, and then proceed as 
directed in Bread. 

7. Lead. — Evaporate to dryness, and incinerate ; dissolve in dilute nitric 
acid, and? test as directed under the head of Water, 

8. Oopper. — Decolorise with animal charcoal, and tost at once with 
ferrocyanide of potassium. 

9. Cider and PeiTij . — ^Evaporate wine, and the peculiar smell of the liquids 
will be perceived. 

Port wine, as sold in the market, is stated to be a mixture of true Port, 
Marsala, Bordeaux, and Cape wines with brandy. Inferior kinds are still 
more highly adulterated with logwood, elderberries, catechu, prune juice, and 
a little sandalwood and alum. Koceipts are given in books for all sorts of 
imitation wines. 

Sub-Section HI. — Spirits. 

The Queen's Kegulations for the Army (1868, sec. 1010), forbid the sale of 
spirits in canteens at home, but permit it in foreign stations at the option of 
the commanding officer. 

Brandy contains, besides alcohol, oenanthic ether, acetic, butyric, and 
valerianic ethers. Tannin and colouring matter from the ^k, or from 
caramel, are present. If sugar is present in any quantity, it i^st have btjen 
added. The infijrior kinds of brandy, prepared from potatoes as well as grain, 
cx)ntain potato fusel-oiL Bum contains a good deal of butyric ether, to which 
the aroma is chiefly owing. Gin, besides containing the oil of juniper, is 
flavoured with various aromatic substances, as Calamus aromalicus^ coriander, 
cardamoms, cinnamon, almond- cake, and orange-peel ; Cayenne is often added. 


* Mulder speaks very doubtfully of all such tests ; they seem, however, better than nothiiii?. 
Probably the spectrum analysis will hereafter afford the best means of identification. On 
the colouring matter of wine, see Duclaux, Comptes Rendus de PAcaderoie des Sciences, T. 
Ixxvih., No. 16, April 1874, p. 1159; also. Report on Hygiene, Army Med. Bepoiiis, vol, xv. p* 


T 
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Whisky often derives a peculiar flavour from the malt being dried over peat 
fires, or by the direct impregnation of peat smoke.* 

Comjposition of Sjnrits, 

The following table gives the chief points of importance : — f 


Name. 


Brandy, 
Gin, . 
Whisky, 
Rum, . 






Acidity 


Sp. gr. at 

Alcohol 

Solids 

Ash 

per ounce, 

Sugar 

62" F. 

per cent. 

cent. 

per cent. 

as taitaric 
acid. 

per cent. 

•929- -934 

50-60 

1-2 

•05 to -2 

1 grain 

0 or traces 

•930 *944 

49-60 

•2 

•1 

0-2 

1 

■915- -920 

60-60 

•6 

trace 

0*2 

0 

•974- *926 

60-77 

1 

•1 

0-6 

0 


Alcohol as an Article of Diet in Health.! 

In endeavouring to determine tlie dietetic value of fdcoliolic bevfjmges, it is 
desinible to see, in the first place, what are the effects of their most important 
constituent, viz., alcohol. 

Three sets of arguments have been used in discussing this question, drawn, 
namely, from — 

1. The physiological action of alcohol, 

2. Experience of its use or abuse. 

.3. Moral considerations. 

To the last point I shall not further allude, for though I do not Vinderrate 
the great weight of the argunitmt drawn from the misery which the use of 
alcohol produces, — a misery so great that it may truly be said, that if alcohol 
were unknown, half the sin and a large part of the poverty and unhappiness 
in the world would disappear, — ^yet this part of the subject is so obvious that 
I do not wish to occupy space with it. To my mind, however, the arguments 
which are strongest for total abstinence are drawn from this class. Nor does 
any one entertain a moment^s doubt that the effect of intempeiance in any 
alcoholic beverage is to cause premature old age, to produce or predispose te 
numerous diseases, and to lessen the chance of living very greatly. The table 


* It may be -worth while to give the tiames of some of the distilled spirits used in different 
parts of the world, as the army surgeon may meet with them in the course of service : — 


Nations by whom employed. 
Hindus, Malays, Ac., . 




Name. 

Arrack. 

Obtained from. 
Rice or Areca-nut. 

Greeks, Turks, &c.. 




Raki. 

Rice. 

Hindus, 

„ (Mahrattas), 




. Toddy. 

Cocoa-nut. 




Bqjah. 

Eleusine Corocana. 

„ (Sikkim), . 




Murwa. 

>9 99 

Chinese, 




Samshoo. 

Rice. 

Japanese, 




Sacie. 

• •• 

Pacific Islanders, 




Kawa, 

Macropiper. 

Mexicans, 




Pulque. 

Agave. 

South Americans, 




China. 

Maize. 

Tartars, 




Koumiss. 

Mares’ milk. 

Russians and Poles, 




Vodki, 

Potato. 

Abyssinians, 




Tallah. 

MiUet. 


d* This table is chiefly taken from Bence Jones' Observations ; Appendix to Mulder on 
Wine. p. 889 ; and from Hassall’s Food and Adultemtion, p. 645. 

J llie subject of spirits in sickness is another point altogether. I believe they are often of 
pMt use, although, like every other strong medicine, they require to be given carefully. The 
lashionahle plan of giving great quantities of strong spirits is happily dying out, and is being 
replaced byamore careful practice. I'r / j e , e 
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given below,* taken from ISTeison’s “ Vital Statistics,” puts this in a strong 
light. 

The physiological argument for the use or disuse of alcohol recjuires to be 
used with caution, as our knowledge of the action of pure alcohol (much more 
of the alcoholic beverages) is imperfect. 

When taken into the stomach, alcohol is absorbed without alteration, or is 


* Effects of intemperance, Neison’s Statistics,^* p. 217, et seq, 

Itatio per cent from the under-mentioned CatLses, to Deaths from aU Causes. 


Cause of Death. 

1847. 

Gotha Life 
Office. 

Scottish 
Widows’ Fund. 

Intemperate 

Lives. 

Head diseases, .... 

9*710 

15*176 

20*720 

27*10 

Digestive organs (especially those ) 
of the liver) , . . - . j 

6-240 

8*377 

11*994 

23*3 

Respiratory organs, 

33-160 

27*843 

23*676 

22*98 

Total of above three classe.s, . 

49*100 

61*396 

56*390 

73*38 


It thus appears that the intemperate have a much greater mortality from head and digestive 
diseases than other classes. 

In intemperate persons the mortality at 21-30 years of age is live times that of the tempe- 
rate ; from 30-40 it is four times as gi^at. It becomes gradually less. 


A Temperate person’s chance 
of llvincr is, 

At 20 ** 44 -2 years. 

„ 30 = 30*5 „ 

„ 40 - 28*8 „ 

„ 50 ==21 *25 „ 

„ 60 - 14 *285 „ 


All Intemperate person’s chanco 
of llvin;? is. 


At 

20 = 

15*6 years. 

ff 

30 = 

13*8 

if 

if 

40 = 

11*6 

if 

if 

50 = 

10*8 

if 

if 

60 = 

8*9 

if 


All these deductions appear to he dmwn from observations on 357 persons with 6111*6 years 
of life. The facts connected with these persons are well authenticated, but tlie number is small. 
The average duration of life after the commencement of the habits of intemperance is — 
Among mechanics, working and labouring men, , ’ , , 18 years. 

„ traders, dealers, .and merchants, 17 „ 

„ professional men and gentlemen, 15 „ 

,, females, . . . 14 „ 

Tliose who are intemperate on spirits have a greater mortality than those intemperate on beer. 
Those who are intemperate on spirits and beer have a slightly greater mortality than those 
intemperate on only spirits or beer, but the difference is immaterial. 

Mortality per annum. 

Spirit drinkers, .... 5*996 per cent, (nearly 60 per 1000). 

Beer drinkers, .... 4*697 per cent, (nearly 46 per 1000). 

Spirit and beer drinkers, . . . 6*194 per cent, (nearly 62 per 1000). 

Very striking evidence in favour of total abstinence, as contrasted with moderation, is 
given by the statistics of the United Kingdom Temperance and General Provident Institu- 
tion One section consists of abstainers, another of persons selected as not known to he intem- 
})erate. The claims for five years (1860-70), anticipated in the Temperance section were 
£100,446 ; but there were actually only claims for £72,676. In the general section, the antici- 
pated claims were £196,352 ; and the actual claims wei'e no less tlian £230,297. The much 
greater longevity of the abstainer is better seen by the amount of bonuses paid to each 
£1000 whole-life. policy in the two sections for the same five years. 


’ Age at 
Entrance. 

Premiums Paid. 

Bonus added in 
Temperance 
Section. 

Bonus added in 
General Section. 


£ s. d. 

£ s. 

d. 

£ 8. d. 

16 

83 2 6 

61 1 

0 

35 10 0 

20 

93 6 8 

64 0 

0 

37 0 0 

25 

106 9 2 

68 10 

0 

40 0 0 

80 

122 1 8 

74 0 

0 

43 0 0 

35 

138 19 2 

78 19 

0 

46 0 0 

40 

162 5 10 

86 0 

0 

50 4 0 

45 

188 10 10 

92 18 

0 

54 0 0 

50 

226 5 0 

104 2 

0 

60 13 0 

55 

284 3 4 

122 14 

0 

71 11 0 


At every age, therefore, the abstainer has a very great advantage. Mr. Vivian, the President 
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perhaps in some small degree converted into acetic acid, possibly by the 
action of the mucus or secretion of the stomach. The rate of absorption is 
not known, and it has been supposed that when given in very large quantities 
it may not be absorbed at all. As far as I am aware, it has not, however, 
been recovered from the heces in any gieat amount. After absorption it 
passes into the blood and then throughout the body ; if the observations of 
Schulinus* are correct, it is ecpially distributed, and does not accumulate, as 
was formerly supposed, in tha liver and nervous tissue. It can easily be 
detected in all the organs soon after it is taken. It commences to ptiss out 
from the body speedily, as it may be detected in the breath soon after it is 
taken ; it emerges by the lungs, by the skin, in smaller quantities by the 
urine, and slightly by the bowels, or this may be merely from unabsorbed 
portions passing out. The amount recoverable from all these channels is 
usually small,! hut occasionally, when very large quantities have been taken, 
the kidneys excrete it largely, so that the .specific gravity of the urine has 
been below that of water, and distillation has given an iiillammahle fluid. | 
Much <lebate has taken place as to whether all or how much of the alcohol 
is thus eliminated, and whetlujr any is destroyed in the body. The experi- 
ments of Dr Percy, and subsequently of Strauch, and especially of Masing in 
Buchheim’s laboratory at Dorpat, followed as they were by the eonfii-matory 
observations of MM. Perrin, Lallemand, and Duroy, seemed at one time to 
have settled the question, and to have proved that alcoliol is very little or not 
at all destroyed in the body. Since then the criticisms and exj)crimeiits of 
Baudot, and especially the observations of Schuliiius,§ Anstie,|| I)upr(5, and 
Subbotin have again altered the position, and although the experimental 
evidence is incomplete (chiefly on account of the difficulty of colfocting the 
amount given off by the lungs and skin), the opinion that some, and perhaps 
much, alcohol disappears in the body is generally admitted, IT 


of the Temperance and General Provident Institution, brought before the British Association 
at Bristol in 1875 the following statistics: — 


Ycaw, 

Abstinence Section. 

General Section. 

Expected. 

. Actual. 

Expected. 

Actual. 

1866-70 (5 years). 

549 

411 

1008 

944 

1871-74 (4 years). 

561 

890 

994 

1033 

Totals (9 years). 

1110 

801 

2002 

1977 


On the gold coast during the Ashantee War the evidence (slight as it was) was decidedlv 
in favour of the teetotallers, (Parkes, On the Issue of a Spirit Ration, p. 28, 1875). 

* xVrchiv. derlleilk,, 1866, p. 97. 

+ Experiments on this point by Scbulinus, Anstie, 0001*6, Tlmdichum, and others, prove 
that ordinarily the urin.ary elimination is slight. When it becomes at all marked, or even when 
it occurs at all, the detection of alcohol by potassium bichromate and sulphuric acid has been 
propose<l by Anstie as an indication of the point when as much alcohol has been taken as can 
be (lispixsed of by the body. 

X A good case is given by Dr Woodman (Medical Mirror, July 1865). 

^ Archiv. der Heilk. , 1866. 

i( Lancet, 1868. 

II Tlie amount eliminated by these channels h.'is been variously stated. The latest observa- 
tions are by Diiprd* Anstie, and Subbotin, f According to Dupre, from experiments on himself, 
the amount elinunate<l by the urine and breath (he did not examine the akin) is only a minute 
fraction of that taken in, and it takes place chiefly in the first nine hours ; subsequently the 
amount is excessively small. When t^en day after day there is no accumulation of alcohol, so 
that tlie inference is, that as so little is eliminated almost all must be destroyed. Subbotin’s 
experiments were on rabbits enclosed in a closed chamber through which the air was slowly 
drawn. Like Dupr6, he determined the amount by oxidising the alcohol obtained into acetic 


* Proceedings of Royal S )cioty, So. 188, p. 268 (1872.) f Zeltschrift fttr Biol, band vli. page 861 (1872). 
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If alcohol ‘is destroyed in the body, through what stages does it pass ? The 
statement of Duchek, that it forms ddehyde, has been disproved. Its easiest 
transfoimation out of the body is into acetic acid ; but, when animals are 
poisoned with alcohol, Buchheim and Masing could detect no acetic acid in 
the blood ; still, the amount would be so small it might be overlooked, or tlie 
acetic acid might be soon transformed. Lallemand, Perrin, and Duroy could 
lind no oxalic acid^ If it be true that the pulmonary carbonic acid is lessened, 
it cannot be oxidised.to carbonic acid and eliminated by the lungs unless the 
transformation of stnne other substance oidinarily furnishing caibonic acid is 
iUTested. The mode o-f destruction is, in fact, unknown. The only point 
which throws any light upon it is the slight increase of acidity in the urine 
during the use of alcohol, which looks as if an acid of some kind were formed 
out of it. 

Present experiments show, then, that some portion passes out, and another, 
and probably the larger portion, is gradually destroyed. The place where the 
partial destruction of alcohol occurs is yet doubtful ; . but it is impossible that 
the transformation takes place in the various gland-cells in which almost all, 
or iill, the changes in the body take place. As the change out of the body 
which most easily occurs is the formation of acetic acid, it seems at present 
most likely that some of the alcohol is thus transformed. The acetic acid 
would then unite with the soda of the blood, and a carbonate would eventually 
be formed which would be eliminated with the urine, as is the case when 
acetates are tak(3n.* This would account for the pulmonary carbonic acid 
not being increased. If this view be correct, the use of alcohol in nutrition 
would be limited to the effects it produces, fii‘st as alcohol, and subsequently 
as acetic acid, when it neutralises soda, and is then clianged into carbonate. 

acid by chromic acid ; bat he found that not inconeiderable quantities (niclit unbetmclitJiclie 
Mengen) were eliriiiimted through the lungs, and skin,- and kidneys in the iirst five hours. Con- 
trary to Perrin, JUilleiiiand, and Durdy, he found twice as mucli passed from skin and lungs as 
froTii the kidneys. In 11 hours he found 12'6 per cent, was eliminated, and in 24 hours ICper 
cent., and he gives I'easons for supposing that the dilficiilties of the experiments (viz., the diili- 
cuity of changing all the alcohol into acetic acid ; of obtaining the alcohol from the chamber ; 
of regulating the ventilation ; and hy the diminution of absorption at the end of the experi- 
ment, and by the limited time the experiment could be carried on) made the amount actually 
I'ecovercd far less than it should have been. Anstio has made numerous experiments on the 
urine and sweat, and always found the quantities very minute. 

With regal’d to the length of time the eliminatioB goes en, Dupre found it to be finished 
within a few hours; Suldjotin found that the elimination was not quite ended in 24; Perrin, 
Liilleniaud, and Duroy found it to go on for 32 hours. The lute Count Wollowicz and n)yself 
found tliat minute quantities could be found in the urine even on the lifth day after a large 
quantity of brandy had been taken, though the elimination by the lungs ceased much sooner. 
In some later experiments, with small quantities' of beer and wine, I have found the elimina- 
tion to I>e finished in 24 hours; 

Liebeii noticed some years iigo; tliat a substance which had some of the characters of alcoliol 
was found in the urine of persons and aniifiuls who had taken none. Count Wollowicz and 
myself noticed on one occasion that a substance which slightly reduced chromic acid was 
obtained from the sweat of a mom who had taken no alcohoLf though in other cases (£. Smith, 

1 T f '&T .. r. 'v • jt. ... f -...j .. -1. .j. J.I. J i.1.. 


this substance is so minute that its nuturq cannot be perfectly made out, but Lieben considers 
it not to be alcohol, but perhaps to be derived from the odoriferous principles of the urine. 
Diipr6 doubts this, and my observation on the sweat shows that it can hartUy be so, unless the 
same odorous substances are ^>assing off by the skin. I doubt whether it is an invariable cou> 
stitueiit of urine, as 1 could find none in tne urine of three teetotallers which I lately examined. 

* In experiments on lai’ge quantities of alcohol I found the acidity of the urine slightly in- 
creased. This would quite agree with the above view, as the union of the acetic acid or car- 
bonic acid formed from it, with some of the alkali or^narily united to other acids, would in- 
crease the urinary acidity. The case is, of course, not parallel with that of acetate of |)ota8h 
given by the mouth, which makes the urine alkaline from carbonate, as some alkali in that 
case is introduced. 


t Proceedings Kuyol Society, No, 113, p. 87 (1870). 
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The first point only (its effect as alcohol) need be considered — ► 

Influenm of Alcohol mi the Qi^gans, 

1. (hi the Stomach. — In very small quantities it appears to aid digestion; 
in larger amount it checks it, reddens the mucous membrane, and produces 
the “chronic catarrhal condition” of Wilson Fok, viz., incre>ase of the 
connective tissue between the glands ; fatty and cystic degeneration of tlie 
contents of the glands, and, fineJly, more or less atrojihy and disappearance 
of these parts.* * * § Taken habitually in large quantities, it lessens appetite. 

2. On the Liver. — Thu action of small quantities on the amount of bile or 
glycogenic substamies, or on the other chemical conditions of the liver, is not 
known. A])plied directly to the liver by injection into the portal vein, it 
increases the amount of sugar (Harley). Taken daily in large quahtities, it 
causes cither enlargement of th(i oigan by 2 ^roducing fdbuminoid and fatty 
deposit, or it causes at once, or following enlargement, increase of connectiv(i 
tissue, and finally, contraction of Glisson’s capsule, and atrophy of the j^ortal 
canals and cells, by the pressure of a shrinking exudation. 'I'he exact amount 
necessary to produce these changes in the liver and stomach has not yet been 
fixed with precision. 

3. On the Spleen. — Its action is not known. 

4. On the Liinfjfi. — It is said to lessen the. amount of carbonic acid (and of 
watery vajiour 1) in the air of exj>iration,t though there are some discr(q)ancics 
in exi>eriments with dift’erent kimls of spirits. E. Smith, for example, found 
the expired carbonic acid lessened by brandy and gin, but increased by rum. 
It is very important tlujse experiments should be repeated, but they show, at 
any rate, that the usual effect is not to increase the carbonic acid.J *In large 
quantities habitually taken it also alters the molecular constitution of the 
lungs, as chronic bronchitis and lobar emphysema are ccirtainly more common 
in those who take much alcohol. 

5. On the Heart and Blood- Vessels. — Alcohol in healthy persons at first 
increases the force and the quickness of the hearths action. Hr Anstie § 
has lately confirmed tliis opinion by careful sphygmograjdiic observations ; 
these effects are still more marked in fisbrile diseases if alcohol acts favourably 
(in some febrile cases it appears, from Anstie^s observations, not to increase 
the power of the heart). In a healthy man I found that brandy || augmented 
thenipidity of thejmlse 13 per cent., and the force was also increased; taking 
the usual estimate of the heart’s work, its daily excess of work, with 4*8 fluid 
ounces of absolute alcohol, was equal to 15*8 tons lifted one foot. Witli 
claret the results were almost identicjal. The perio«i of rest of the heart was 

* Tliese changes are now considered by Wilson Fox to be closely allied with those occurring 
in cirrhosis of the liver, and in the contracted and indurated kidney. Dr Fox informs me that 
the association of those conditions in these oi^ans “ has been before him with remarkable fre- 
quency.'' See Diseases of the Stomach, 8d edition, p. 125, footnote ; and also Ileynold's System 
of Medicine, vol. ii. n. 869, and footnote. 

t The effect of red and white French wines and of beer has been very carefully examined by 
Perrin (Rec. de Mdm. de M^d. Mil. 1865, p. 82) ; a Very great diminution in the amount of 
carbonic acid (from 5*6 to 22 per cent, less being excreted) was noticed in all the experiments. 
The etfect commenced soon, and reached its maximum in the third hour, and ceasid in two 
hours more. The pulse after meals with aud without wine had equal power, but after a time 
the pulse fell more when wine was not taken. 

£ See Binz Journal of Anatomy and Physiology, May 1874. 

§ In a paper read before the British Association in 1868 (Medical Times andi Gazette, Sep- 
tember 1868). This paper shows that the sphygmographio indications (combined with the 
urinary test) may give us a clue to the often difficult question, whether alcohol is doing good 
or harm in disease. 

II See papers by Count Wollowicz and myself in Proceedings Royal Society, No. 120 and 
182 ; anu another paper by myself, No, 136, for the effect of alcohol on .the heart during exercise. 
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shortened, and its nutrition must therefore have, been interfered with. In 
another man I found from 4 to 8 ounces of brandy produced palpitation and 
breatlilcssness. Alcohol causes evident dilatation of the superficid vessels, as 
shown by the redness and flushing of the skin ; and in my experiments 
sphygmograjAic observations also proved that the arteries dilated more easily 
before tlie fuller current thrown out by the strongly acting heart. If it were 
not for this yielding of the vessels (produced perhaps by paralysis of the vaso- 
motor nerves) alcohol would be a most dangerous agent, as either the strong 
wave would break the vessel, or the heart would not be properly emptied of 
the blood during the contraction. It seems to me tliat there must be danger 
in tlie use of alcohol when the arteries become rigid in advancing life, if the 
heart is then susceptible to the action of alcohol. Eventually the vessels of 
the surface pass into a state of permanent slight enlargement and turg(isceiice ; 
the skill alters in appearance ; and, owing to this, persons who take much 
alcohol soon get the appearance of age. In some dis(jases, alcohol is said to 
lessen the frequency of the heart’s action ; and Anstie found it increase arterial 
tension. In such cases there must be peculiar nervous conditions '\\dth which 
we are unacquainted. As far as my own observations go, I have foun<l it 
usually, if not always, increases the frequency of the heart in disease, and in 
some patients the rapidity of the heart’s action has been simply owing to the 
administration of alcohol. Anstie believes its j^riiicipal action is on the 
symi)athetic nerve, and the vascular phenomena seem to strengthen this view, 
while othei’s think it acts especially on the vagus and the heart alone. 

6. On the Blood. — The amount of fat is either increased, or it is more 
visible. The chemical changes in the blood are j)artially ari'osted.* 

7. On pie Nervous Sf/steni. — In most pemons it acts at once as an 
ana3sthetic, and hjssens also the rapidity of impressions, the power of thought, 
and the perfection of the senses. In other cases it seems to cause increased 
rapidity of thought, and excites imagination, but even here the power of con- 
trol over a train of thought is lessened. In no case does it seem to increase 
accurac.y of sight ; nor is there any good evidence that it quickens hearing, 
taste, smell, or touch ; indeed, Edward Smith’s experiments show that it 
diminishes all the senses. In almost all cases moderate (quantities cause a feel- 
ing of comfort and exhilaration, wliich ensmis so quickly as to make 
it probable the local action on the nerves of the stomach has at first something 
to do with tliis. Afterwards the increased action of the heart may have an 
efiect. Difierent spirits act difienmtly on the nervous system, owing probably 
to the presence of the ethers .and oils ; some, as samshoof and raki, produce 
great excitement, followed by profound torpor and depression. Absinthe is 
also especially hurtful, apparently from the presence of the essential oils of 
anise, wormwood, and angelica, as well as from the large amount of alcohol. 
It appears that the properties of absinthe are somewhat different according to 
the manner in which water is mixed with it, ^.c., suddenly or slowly ; in the 
latter case the particles of the absinthe are more divided, are absorbed more 


* Harley. Proceedings of Royal Soc., March 1865. No. 62, p. 160. 

f I was very desirous of ascertaining the exact composition of Chinese Samshoo, and Ur Dupre 
was so kind as to analyse for me a specimen of the best Samshoo from Singapore. It contained 
in 100 C.C. 23*91 per cent, of alcohol by weight, and this was made up of ^*874 parts of ethyl 
alcohol, and *036 parts of amylic alcohol ; the amount of free acid (almost all acetic) was T06 ; 
of residue (sugar almost entirely), 6*01, and of ash, *06 ]jer cent. Cheap Samshoo ^ve nearly 
the same result. There seems to be nothing deleterious here; and fVom. inquiries among 
soldiers who have served at Hongkong, I am 1^ to doubt whether good Samslioo does produce 
the effects ascribed to it. I suspect it is the adulterated (with opium, &c.) article which acto 
so violently. The Cape brandy is of two kinds — ^the Cape and the Boer brandy ; the latter ia 
stronger, and is sometimes called peach brandy ; this appears to be the hurtful kind. 
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easily, and produce greater effects. In all these cases there can be little 
doubt that alcohol enters into temporary combination with the nervous struc- 
ture ; and the evidence from the impairment of special sense and muscular 
lX)wer, implies that it interferes with the movements of the nervous currents. 

8. 0/i the Muscular Bystetn. — Voluntary muscular power seems to he 
lessened, and this is most marked when a large amount of alcohol is taken at 
once ; the finer combined movements are less perfectly made. Whether this 
is by direct action on the muscular fibres, or by the influence on the nerves, 
is not certain. In very large doses it paralyses either the respiratory muscles, 
or the nerves supplying them, and death sometimes occurs from the impair- 
ment to respiration. 

9. On the Metamorphosis of Tissue, — This is usually stated to bo lessened, 
and it has l^een said that there is a diminution in the elimination of nitrogen 
(as urea), atid of carbon (as carbonic acid). But the experiments already 
referred to by Count Wollowicz and myself* * * § prove that the metamori)ho8is of 
the nitrogenous tissues is in no way interfered with by dietetic doses. 
Whether the carbonic acid excretion is really lessened may be also questioned. 

10. On the Temperature of the Body, — When alcohol is given to healthy 
animals in full but not excessive doses, the temi)erature of tlie body falls. 
Tin's seems to be shown conclusively by the experiments of Einger and 
Eickaids, Eichardson, Binz, Cuny-Bouvier, and Eugc. In healthy men who 
have l)oen accustomed to take alcohol in moderate quantities the results are 
rather contradictory. In a man accustomed to alcohol, linger found no 
change ; in two men, temperate, but accustomed to take beer and sometimes 
spirits, I could not detect any raising or lowering of the thermometer either 
in the axilla or rectum, f Dr Mainzer found no fall of temperatuit^ in trials 
on himself, but a slight fall in another healthy person. Some experiments by 
Oberniei*§ and by .Fokker|| are also quite negative. On the other hand, liinger, 
Binz, and Bouvier noticed in some healthy persons a decrease of temperature ; 
and though some of the experiments are evidently rather inaccurate, and 
though the fall of temperature was inconsiderable, it is difficult to refuse belief 
that in some ctises there may be a slight depression of temperature. 1[ 

In febrile cases the evidence is almost equally divided. In a man on whom 
I was expcirimenting, an attack of catarrh came on with rise of temperature, 
and alcohol did not apparently in the least affect the heat. O. Weber, 
Obemier, and Eabow were equally unsuccessful in noting a fall in temperature. 
Binz and C. Bouvier** have, however, produce<l septic fever in animals, and 
then lowered the febrile heat by large doses of alcohol, in what appears to 
have Ixicn an unmistakable manner, in several cases. 

We may conclude that the effect of moderate doses on temperature in 
healthy men is extremely slight ; there is no increase, and in many persons no 
decrease. In those in whom there is a slight decrease, the amount is trifling. 

11. On the Action of the Elimimding Organs, — llie water of the urine and 
the acidity are slightly increased ; other ingredients were found in my experi- 


* Proceedings Royal Society, Nos. 120-123 and 186. 

t Ibid. 

t Ueber die Einwirkung des Alkohols, Inau. Dias. Bonn., 1870. 

§ Archiv fur die gos. Pays, band ii. p. 494. 

[[ Quoted by Hiiseinann, Jahresb. fiir die ges, Med. 1871, band i. p. 324. 

% Bins {loc. cit,) iinds that small (dietetic 1) doses produce no change ; lar^ inebriating doses 
produce a faU from to 5° F., lasting for four or tive hours. Habit, however, produces 
tolerance. In the bod^r, after death, the temperature often rises, but if alcohol has been 
administered previously it does not do so ; — Whence Bins condudes that the effect is arrest of 
ehemical changes in the glands. 

** »Se6 especially Phannakologische Studien liber den Alkoliol, von G. Bouvier, Berlin, 1872. 
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inents to be unaffected, and I cannot but doubt the statements to the contrary. 
The condition of the skin is not certain. Dr E. Smith thought the perspira- 
tion lessened, but Weyrich noticed, after spirits, beer, and wine, a large in- 
crease in the insensible cutaneous perspiration ; and the enlai^ement of the 
vessels of the skin would probably lead to increased transit of fluid. 

12. Remote Effects of Alcohol . — The degenerative changes which occur so 
frequently in the stomach, liver, and other organs, by the constant introduc- 
tion of improper quantities of alcohol into the body,* * * § affect also almost all 
parts of the body. The brain and its membranes, and its vessels, suffer early 
and principally ; and Kremianskyf has produced haemorrhagic meningitis, and 
pathological ch^ges in the brain-vessels and membranes in dogs by giving 
them alcohol, t There is no question that several brain diseases, including 
some cases of insanity, arc produced by excess of alcohol.§ So, alstj, 
degenerative changes in the stomach, liver, lungs, and probably in the kidneys, || 
result from immoderate use. To use Dickinson’s expressive phrase, alcohol is 
the very ‘‘genius of degeneration." And these alcoholic degenerations are 
certainly not confined to the notoriously intemperate. I have seen them in 
women accustomed to take wine in quantities not excessive, and who would 
have been shocked at the imputation that they were taking too much, although 
in their case the result proved that for them it was excess. The nature of 
the degenerative changes appear to be in all cases the samo—viz., fibroid and 
fatty chfinges. 

Considering, also, the great increase in the action of the heart, and the 
dilatation of the vessels, it can scarcely be doubted that alcohol in excess is 
one of the agencies causing disease of the circulatory organs. 

Is Alcohol desirahle as an Artide of Diet in Health ? 

This question is so large and difficult that a satisfactory answer can hardly 
be given with our present knowledge. The data for piissing a judgment are 
partly physiological, but still more largely empiiical. 

The obvious useful physiological actions of alcoliol are an improvement in 
appetite, produced by small (luaiitities, and an increased activity of the 
circulation, which, within certain limits, may be beneficiaL It is difficult to 
perceive proof at present of any other useful action, since it is uncerttiin 
whether, during its partial destruction in the system, it gives rise to energy. In 
cases of disease, in a<ldition to its effect on digestion and circulation, its 
narcotising influence on the nervous system may be sometimes usefuL Ileale 
suggests that it may restrain the rapidity of abnonnal growth or development 
of multiplying cells, and that by such arrest it may possibly diminish bodily 
temperature ; but proof of this has not been given. 

The dangerous physiological actions in health, when its quantity is larger, 
are evidently its influence on the nervous system generally, and on the 
regulating nerve-centres of the heart, and vaso-motor nerves in particular; H 

* A very striking pa^r on this subject has been lately published by Dickinson ; Lancet, 
November 1872. It paints, in startling colours, the immense degenerative power of alcohol. 

+ Virchow's Archiv, band xlii. p. 338. 

t Bee also the experiments by Magi^ (Sur TAlcoolisme). 

§ Ma^nau states the two terminations of chronic alcoholism to be de^nentia and general 
paralysis, 

II Anstie and Dickinson have lately denied that the kidneys suffer in alcoholism in any great 
de^e. It is an (u>©n question ; but the evidence is, I think, in favour of kidney degeneratiou 
being one of the enacts of alcoholism. My friend. Dr Qeorge Johnson, infonns me tiiat out of 
200 patients with Bright’s disease, from aU causes, he found no less than 68 were ^unkar*!'?. 

^ This inlluence is probably a paralysing agency, arising from a direct though transitory 
union of the alcohol with the nervous substance. Eichardson has made the very important 
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the impairment of appetite produced by large doses, the lessening of muscular 
strength, and remotely the production of degenerations. Except when it 
lessens appetite, it does not alter the transformation of the nitrogenous tissues, 
and the elimination of nitrogen ; nor can it be held to be absolutely proved to 
lessen the exci*etion of carbon. If it did so, this effect in health would be 
simply injurious. 

It is a matter of the highest importance to determine when the limit of the 
useful effect of alcohol is reached. The experiments are few in number, but 
are tolerably accurate. Erom experiments made by Dr Anstie, an amount of 
one fluid ounce and a half (42*6 C.C.) caused the appearance of alcohol in the 
urine, which Anstie regards as a sign that as much has been taken as can be 
disposed of by the body. The late Count WoUowicz and myself obtained 
almost pr(}(iisely the same result. "When only one fluid ounce of absolute 
alcohol was given none could be detected in the urine. We found that in a 
strong healthy man, accustomed to alcohol in moderation, the quantity given 
in twenty-four houi-s that begins to produce effects which can be considered 
iiijimious is something between one fluid oimce ( = 28*4 C.C.) and two fluid 
ounces (56*8 C.C.) The effects which can then be detected are slight, but 
evident narcosis, lessening of appetite, increased rapidity of rise in the action 
of the licart, greater dilatation of the small vessels as estimated by the 
sphygmograph, and the appearance of alcohol in the urine. These effects 
manifestly mark the entrance of that stage in tlio greater degrees of which the 
poisonous effects of alcohol become manifest to all. 

It may be considered, then, that the limit of the useful effect is produced 
by some quantity between 1 and 1^ fluid ounces in twenty -four hours. There 
may bo pe.rsons whose bodies can dispose of larger quantities ; but as my 
experiments were made on two powerful healthy men, accustomed to take 
ahioliol, the average amount was more likely to be over than under stated. In 
women, the amount requhed to induce decided bad effects must, in all pro- 
liability, be less. Eor childriiu there is an almost universal consent that 
alcohol is injurious, and the very small quantity which produces symptoms of 
intoxication in them indicates that they absorb it rapidly and tolerate it 
badly. 

Assuming the correctness of these experimental data, wliich, though not 
extensive, are yet apparently exact, it is evident that moderation must be 
something bedow the quantities mentioned ; and consiilering the dangers of 
hiking excess of alcohol, it seems -wisest to assume 1 to 1 J fluid ounces of 
absolute alcohol in twenty -four hours as the maximum amount which a 
healthy man slioiild take. It must be admitted that this is provisional, and 
that more experiments are necessary ; but it is based on the only safe data we 
possess. One ounce is equivalent to 2 fluid ounces of brandy (containing 50 
per cent, of alcohol) or to 5 ounces of the strong wines (sherries, &c., 20 per 
cent, of alcohol) ; or to 10 ounces of the weaker wines (clarets and hocks, 10 
per cent, of alcohol) ; or to 20 ounces of beer (5- per cent, of alcohol.) If 
these quiintities are increased one-half, ounce of absolute alcohol will be 
taken, and the limit of moderation for strong men is reached. I believe that 
this standard is fairly correct ; since, from inquiries of many healthy men 
wlio take alcoliol in moderation, I find that they seldom exceed the above 
amounts. Women, no doubt, ought to take less ; and alcohol in any shape 
only does harm to healthy children. 

discovery that the alcohols, such hs the butyl, amyl, and liexyl alcohols, which contain more 
carbon, produce a much greater eflect on the nervous system than methyl and ethyl alcohol. 
There are greater musciilar tremors and stupor, and these effects increase regularly with the 
increase of carbon and lessening volatility. 
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Another question now arises, to which it is more difficult to reply. Is 
alcohol, even in this moderate amount, necessary or desirable ; are men really 
better and more vigorous, and longer lived with it than they would be with- 
out any alcohol 'I If distinctly hurtful in large quantities, is it not so in these 
smaller amounts ? 

There is no difficulty in proving, statistically, the vast loss of health and 
life caused by iiitempeinnce ; and the remarkable facts of the Provident 
Institution (see page 291) show the great advantage total abstainers have 
over those who, though not intemperate, use alcohol nioi’e freely. But it is 
almost impossible, at present, to compare the health of teetotallers with those 
who use alcohol in the moderate scale given above. In both classes are found 
men in the highest health, and with the greatest vigour of mind and body ; in 
both are to be found men of the most advanced age. If the question is looked 
at simply as a scientific one, I do not see how an answer can be at present 
given. Failing, as it api)ears to me, in aticurate information on tliis point, 
the usual arguments for and against the use of alcohol cannot be held to 
settle the point. Tliese are — 

(a) That the universality of the habit of using some intoxicating drink 
proves utility. ITiis seems incorrect,* since whole nations (Mohammedan 
and Hindoo) use no ahiohol or substitute ; and since the same aigumeiit might 
prove the necessity of tobacco, which for this generation, at any rate, is clearly 
only a luxury, ilie wide-spread habit of taking intoxicating liquids merely 
proves that they are plei^siuit. 

(h) That if not necessary in healthy modes of life, alcohol is so in our 
artificial state of existence amid the pressure and conflict of modem society. 
This argument is very <piestionable, for some of our hardest workers and 
thinkers hike no alcohol. There are also thousands of pei’sons engaged in the 
most anxious and incessant occupations who are total abstainers, and, accord- 
ing to their own account, with docitled benefit. 

(c) That though it may not be necessary for perfectly healthy persons, 
alcohol is so for the large class of people who live on the coniines of health, 
whose digestion is feeble, circulation languid, and nervous system too 
excitable. It must be allowed, I think, there are some persons of this class 
wdio are benefited by alcohol in small quantities, and chielly in the form of 
beer or light ynm\ Unless these persons wifully deceive themselves, they 
feel better and are better with a little alcohol. 

(d) That common experience on the largest scale shows that alcohol in not 
excessive quantities cannot be an agent of harm ; that it is and has been used 
by millions of persons who appear to suffer no injury, but to be in many cases 
benefited, and therefore that it must be in some way a valuable adjunct to 
food. A grand fact of this kind must, it is contended, override all objections 
based on physiological data, which are confessedly incomplete, and which may 
have left undiscovered some special useful action. It must be admitted that 
this is a" very strong argument, and that it seems incredible that a large part 
of the human race should have fallen into an error so gigantic as that of 
attributing great dietetic value to an agent which is of little use in small 
quantities, and is hurtful in large. At fost sight the common sense of man- 
kind revolts at such a supposition, but the argument, though strong, is not 
conclusive ; and unfortunately we know that in human affiiirs no extension of 
belief, however wide, is per se evidence of truth. 

(e) That though a man can do without alcohol under ordinary circum- 

* Most nations, however, if not all, nse some sedative, which may be considered to take 
the place of alcohol. (F. de C.) . 
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stances, there are certain conditions when it is usefuL It will bo necessary to 
see, then, what is the evidence on this point. 

Evidence on the Use of Alcohol under certain conditions.* 

Cheat Cold. — There is singular unanimity of opinion on this point ; all 
observers condemn the use of spirits, and even of wine or beer, as a preven- 
tive against cold In the Arctic regions we have on this head the evidence 
of Sir John Kichartlson, Mr Goodsir (in Sir J. Franklin's first voyage), Dr 
King, Captain Kennedy (in the last search for Sir J. Franklin, when the 
whole crew were teetotalers), Dr liae, Dr Kane, Dr Hayes (surgeon of the 
Kane expedition), and others. Dr Hayes, indeed, says in his last paper 
(1859), that he will not only not use spirits, but will take no man accustomed 
to use them \ and that if “ imperious necessity obliges him to give spirits, he 
will give them in small doses frequently, as the excitant action is followed by 
a very dangerous depression.”! I**^ Anttirctic regions, and in the cold 
whaling grounds, we have the strong evidence of Dr Hooker to the same 
purport, and the customs of the many teetotal whalers. Ulloa long ago 
noticed the same tiling in the ascent of Pichincha.{ In North America, the 
Hudson's Bay Company entirely excluded spirits, partly, no doubt, to 2 )reveiit 
their use among the Indians, hut partly, in all probability, from experience of 
their inutility. Dr Carpenter (][uotes from Dr Kniill a statement that the 
liussian army on the march in cold weather not only use no spirits, but no 
man Avho has lately taken any is idlowed to march. Tlu3 guides at Chamouni 
and the Oberland, when out in the winter, have invariably found spirits 
hurtful ; they take only a little light wine (Forbes). The bathing men at 
Dieppe, who are much exposed to cold from long standing in the sea, also find 
that sj)irits are hurtful, and take only a little weak wine (Levy). • 

Great Heat. — The evidencje here also is almost equally conclusive against 
tlie use of spirits or bevorag<3S containing mucJi alcohol. Dr Car|)enter has 
assembled the most conclusive testimony from India, Brazil, IJorneo, Africa, 
and Demerara. The best authorities on tropical diseases speak as strongly ; 
llobert Jackson, Kanald Martin, Henry Marshall, and many others. It seems 
quite certain, also, that not only is heat less well borne, but tliat insolation is 
predisposed to. 

The common notion that some form of alcoholic beverage is necessary in 
tropical climates is, I firmly believe, a mischievous delusion. I brought to 
Dr Carpenter’s notice the case of the 84th Itegimeiit, in which I formerly 
served, which from the years 1842 to 1850 numbered many teetotallers (at 
one time more than 400) in its ranks ; and the records of this regiment show 
thiit, both on common tropical service and on marches in India, the teetotallers 
were more healthy, more vigorous, and far better soldiers than those who did 
not abstain.§ The experience of almost every hunter in India will be in 
accordance with this. 

* I have borrowed largely from Carpenter's admirable Essay on Temperance, and hie other 
writings, and also from Spencer Thomson's useful work on the same subject, as well as from 
many other writers. 

t Some Arctic voyagers, however, are strongly impressed with the value of nim under 
cextain circumstances (Admiral Richards). The experience of the expedition of 1876-6 seems 
to have shoAvn that it was paitially useful ^ven the last thing at night, as enabling the men 
to get olf their frozen clothing, but it had no effect in warding off scurvy. Binz says that 
alcohol may be useful in damp und cold, because the tissue change is greater, and we can thus 
moderate it. 

X He says (Adams* translation, 1807, vol. i. p. 219), “at first we imagined that drinking 
strong lic^uors would diffuse a heat through the Body, and consequently render it less sensible 
of the painful sharpness of the cold ; but to our surprise wo felt no manner of strength in them, 
nor were they any ^ater preventative against the cold than common water." 

i See Carpenter^ Physiology of Temperance for full details. The officers, who by their 
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On this point the greatest army surgeons have spoken strongly (Jackson 
especially, and Martin); and yet nothing is more common, even at the 
present day, than to hear officers, both in India and the West Indies, assert 
that the climate requires alcohoL These are precisely the climates whore 
alcohol is most hurtful.* 

With regard to service and exercise in the tropics, we have the strong testi- 
mony of Eanald Martin that warm tea is the best beverage ; and this will be 
corroborated, I believe, by every one who has made long marches, or hunting 
excursions, in India, and has carefully observed what kind of diet best suited 
liim. 

To cite a well-known individual instance of great exertion in a hot climate, 
Robert Jackson marched 118 miles in Jamaica, carrying a load equal to a 
soldier's, and decided that “ the English soldier may be rendered capable of 
going through the severest military service in the West Indies ; and that 
tenij)erance will be one of the best means of enabling him to perform his duty 
wth safety and effect. The use of ardent spirits is not necessity to enable a 
European to undergo the fatigue of marching in a climate whose mean tempera- 
ture is from 73“ to 80“. I have always found the strongest liquors the most 
enervating.” 

Bodily Labour . — A small quantity of alcohol does not seem to produce 
much effect, but more tlian two fluid ounces manifestly lessens the power of 
sustained and strong muscular work. In the case of a man on whom I experi- 
mented, 4 fluid ounces of brandy (== 1*8 fluid ounces of absolute alcohol) did 
not apparently affect labour, though I cannot ailirm it did not do so ; but 4 
ounces more given after four hours, when there must liave been some elimina- 
tion, lessened muscular force ; and a third 4 ounces, given four hours after- 
wards, entirely destroyed the power of work. The reason was evidently two- 
fold.. There was, in the first place, narcosis and blunting of the nervous 
system — the will did not properly send its commands to the muscles, or the 
muscles did not respond to the will ; and secondly, the action of the heart was 
too much increased, and induced palpitation and breathlessness, which put a 
stop to labour. The inferences were, that even any amount of alcohol, 
although it did not produce symptoms of narcosis, would act injuriously by 
increasing unnecessarily the action of the heart, wliich the labour alone had 
sufficiently augmented, f I believe these experiments are in accord with com- 
mon experience, which shows that men engaged in very hard labour, as iron- 
puddlors, glass-blowers, navvies on piece-work, and prize-fighters during train- 
ing, do their work moi*e easily without alcohol. 

example and precept, produced this great effect in a regiment in India, and proved that men are 
healthier and^ppicr m India without any alcoholic beverage, were Lieut-Uolonel Willington, 
Captain (now General Sir David) Bussell, and Lieut, and Adjutant Seymour, an officer 
of the greatest promise, who died from dysentery, contracted during the mutiny. 

* Bins holds that in hot climates, or in hot weather, it is i>eruicious, as interring with the 
tissue change, which is alrea<ly insufficient. 

f In experimenting on another healthy man I came to the following interesting result. The 
exercise and diet beiug uniform daring a period of ten days, the mean daily pulse (nine two- 
hourly observations) was 70’65. Severe exercise being then taken during another period 
of ten days for two hours in the morning, in addition to what had previously been taken, the 
pulse in those two hours was augmented 16 beats per minute over the corresponding period ; 
it fell, however, in the subsequent hours below the mean of the corresponding period, so that 
the mean pulse of the day was 70*42 per minute, the same as in t]ie ten days’ period before the 
* additional exercise. The heart, in fact, completely compensate itself, ana the work done 
by it was the same on days of moderate ana of severe exercise. Now alcohol would have 
disturbed this ad^justmeut, and would have kept tlie heart beating more rapidly than it should 
do. The compensation would not have been produced. In more recent experiments, in whi^'b 
the effects of rum, meat extract, and coffee were observed, it was found that marching was 
done least easily with rum, the stimulant effect passing quickly off, and leaving the ro'an less 
able to finish the work before him. (On the Issue of a Spirit foition in the Ashanti Oami>aign, 
Parkes, 1S76). 
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In the exhaustion following great fatigue, alcohol may be useful or hurtful 
according to circumstances. If exertion must be resumed, then the action of 
the heart can be increased by alcohol and more blood sent to the muscles ; of 
course, this must be done at the expense of the hearths nutrition, but circum- 
stances may demand this. In the case of an army, for example, called on to 
engage the enemy after a fatiguing march, alcohol might be invigorating. But 
the amount must be small, i.e.y much short of producing narcosis (not more 
than fluid ounce of absolute alcohol), and, if possible, it should be mixed 
with Liebig’s moat extract, which, perhaps on account of its potash salts, has 
a great power of removing the sense of fatigue. 

About two ounces of red claret wine with two teaspoonfuls of Liebig’s ex- 
tract and half pint of water is a very reviving draught, and if it could be 
issued to troops exhausted by fatigue, would prove a most useful ally. 

But when renewed exertion is not necessary it would appear most proper 
after great fatigue to let the h(jart and mustdes recruit themselves by rest ; to 
give digestible food, but to avoid unnecessary and probably hurtful quickening 
of the heart by alcohol. 

Mmtal Work . — In spite of much large experience, it is uncertain whether 
alcohol really increases mental power. The brain circulation is no doubt atig- 
irumtod in rapidity ; the nervous tissues must receive more nutriment, and for 
a time must work more strongly. Ideas and images may be more plentifully 
produced, but it is a question whether the i)ower of clear, consecutive, and 
continuous reasoning is not always lessened. In cases of great exhaustion of 
the nervous system, as when food has been withheld for many hours and the 
mind begins to work feebly, alcohol revives mental power greatly, probably 
from the augmented circulation. But, on the whole, it seems questionable 
whether the brain finds in alcohol a food which by itself can aid in mental 
work. 

Detidmcy of Food , — ^Wlien there is want of food, it is generally considered 
that alcohol has a sustaining force, and possibly it acts partly by keeping up 
the action of the heart, and partly by deadening the susceptibility of the 
nerves. It was formerly supposed that it lessened tissue-change, and thus 
curtailed the waste of tlie body ; but this is not true of the nitrogenous 
tissues, and is not yet (luite certain in respect of the carbonaceous. It seems 
niilikely tliat alcohol would be applied differently during starvation and during 
usual feeding. 

Crises are recorded in which persons have lived for long periods on almost 
nothing but wine and spirits. In most cases, however, some food has been 
takim, and sometimes more tlian was supposed, and in all instances there has 
been great quietude of mind and body. It seems very doubtful whether in 
any case nothing but alcohol has been taken ; and, in fact, we may fairly de- 
mand more exact data before weight can he given to this statement. 

The Exposures and Exertiom of War . — On this point, also, there is con- 
siderable unanimity of opinion. The greatest fatigues, both in liot and cold 
climates, have been well borne — ^havo been, indeed, best borne — by men who 
took no alcoliol in any shape, and some instances may be quoted. 

In the American War of Independence in 1783, Lord Cornwallis made a 
march of over 2000 miles in Virginia, under the moat trying, circumstances of 
exposure to cold and wet ; yet the men were remarkably healthy, and among 
the causes for this health, Chisholm states that the necessary abstinence from ♦ 
strong liquors was one. 

In 1794-95 occurred the Maroon warm Jamaica, where almost for the first 
time in West Indian warfare the troops were remarkably healthy, though the 
campaign was very arduous, and in the rainy season, and there were no tents. 
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The perfect health of the troops may partly have been owing to the climate 
of the hills (2000 feet above the sea), but it was chiefly attributed to the fact 
that the men could obtain no spirits or alcoholic liquid of any kind. 

In 1800, an English army proceeding from India to Egypt, to join Sir Ealpb 
Abercromby, marched across the desert, from Kossier on the Red Sea, and 
descended the Nile for 400 miles. Sir James M‘Grigor* says that the fatigue 
in tliis march has perhaps never been exceeded by any army, and goes on to 
remark — 

** We received still farther confirmation of the very great influence which intempemnce 
has as a (jauso of disease. We had demonstration how very little spirits are required in 
a hot climate to enable a soldier to bear fatigue, and how necessary a regular diet is. 

“At Ghenne, and on the voyage down the Nile (on account of the difficulties of at 
first conveying it across the desert, the men had no spirits delivered out to them, and I 
am convinced that from this not only did they not suffer, but that it even contributed 
to the uncommon degree of health which they at this time enjoyed. From two boats the 
soldiers one day strayed into a village, where the Arabs gave them as much of th*e spirit 
which they distil from the juice of the date-tree as induced a kind of furious delirium. 
It was remarked that, for three months after, a considerable number of these men were 
in the hospitals.” 

Dr MauTijf one of the few American surgeons in the war of 1813-14 who 
have left any account of that contest, thus writes : — 

“My opinion has long been that ardent spirits are an unnecessary part of a ration. 
Examples may be furnished to demonstrate that ardent spirits are a useless part of a 
soldier’s ration. At those periods during the revolutionary war, when the army received 
no pay for their services, and passessed not the means to procure spirits, it was healthy. 
The 4th Massachusetts Regiment, at that eventful period when I was the surgeon, lost 
in three years by sickness not more than five or six men. It was at a time when the 
army was destitute of money. During the winter 1779-80 there was only one occurrence 
of fever in^the regiment, and that was a pneumonia of a mild form. It was observable 
in the last war, from December 1814 to April 1815, the soldiers at Plattsburgh were not 
attacked with fevers as they had been the preceding winters. The troops during this 
])(}riod were not paid — a fortunate circumstance to the army, arising from want of funds. 
This embarnussment, which was considered a national calamity, firoved a blessing to the 
soldier. When he is found poor in money, it is always the case that he abounds in 
health — a fact worth recording.” 

No testimony can bo stronger than that given by the late Inspector-General 
Sir John Hall, KC.B. He sayst 

“ My opinion is, that neither spirit, wine, nor malt liquor is necessary for health. The 
healthiest army I ever served with had not a single drop of any of tliem ; and although 
it was exposed to all the hardships of Kaffir warfare at the Cape of Good Hope, in wet and 
inclement weather, without tents or shelter of any kind, the sick-list seldom exceeded 
one per cent. ; and this continued not only throughout the whole of the active operations 
in the field during the campaign, but after the men were collected in standing camps at 
its termination ; and this favourable state of things continued until the termination of 
the war. But immediately the men were again quartered in towns and fixed posts, where 
they, had free access to spirits, an inferior species of brandy sold there, technically 
called * Cape Smoke,* numerou-s complaints made their appearance among them. 

“ In Kaifraria the troops were so placed that they had no means of obtaining liciuor of 
any kind and all attempts of the * Winklers’ to infrin^ the police iwqlations were 
so summarily and heavily punished by fines and expulsion, that the ilncit trade was 
effectually suppressed by Colonel Mackinnon, the Commandant of British Kaifraria ; and 
the consequence was, that drunkenness, disease, crime, and insubordination were 
unknown ; and yet that army was frequently placed in the very position that the 
advocates for the issue of spirits would have said required a dram. 

“Small as the amount of sickness and mortality was in the Crimea, during the winter 
1955-56, they would have been reduced one-half, I am quite sure, could the rule that 
was observed in Kaffirland have been enforced there.” 

* Medical Sketches of the Expedition to Egypt, p. 10. 
t Hamilton, Military Sui^ery, p. 61. 
f Medical History of the War in the Crimea, vol. i. p, 604. 
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In the same Kaffir war (1852), a march was made by 200 men front 
dftaham’s Town to JJloomfronthein, and back ; 1000 miles were covered in 
seventy-one days, or at the rate of nearly 15 miles daily ; the men were almost 
naked, were exposed to great variations of temperature (excessive heat during 
day ; while at night water froze in a bell-tent, with twenty-one men sleeping 
in it) ; and got as rations only biscuit (meat 1^ &), and what game they could 
kill. For drink they had nothing but water. Yet this rapid and laborious 
march was not only performed easily, but the men were “ more healthy than 
they had had ever been before ; and after the first few days, ceased to care 
about spirits. No man was sick till the end of the march, when two men got 
dysentery, and these were the only two who had the chance of getting any 
liquor.” 

In the last New Zealand war. Dr Neill (Staff Assistant-Surgeon) found that 
the troops marched better, oven when exposed to wet and cold, when no 
spirits were issued, than when there was a spirit ration. 

In the late expedition to the Eed Kiver, under Sir Garnet Wolseley, no 
alcoholic liquid was issued. Two accounts of this remarkable march have 
been published — one by Captain Huyshe,* and the other by an officer who 
wrote an interesting account of the march in BlackwoocC s Magazine, f Captain 
Huyshe says : — 

** Although it was an unheard-of thing to send off an expedition into a wilderness for 
five month without any spirits, still os the backwoodsman was able to do hard work 
without spirits, it was rightly thought that the British soldiers could do the same. The 
men were allowed a large daily ration of tea, 1 oz. per man — practically as much as they 
could drink ; and, as I am now on this subject of bohea versus grog, I may as well state 
that the experiment was most successful. The men of no previous expedition have ever 
been called upon to perform harder or more continuous Labour for over four months. . . . 
TlM)y were always cheery, and worked with a zealous will that could not hi surpassed. 
This expoditioii would Lave been a bright era in our military annals had it no other 
result than that of proving the fallacy hitherto believed in of the necessity of providing 
our men when in the field with intoxicating liquors.” 

The writer in Blackwood^ s Magazine says : — 

** The men were pictures of good health and soldier-like condition whilst stationed at 
Prince Arthur's Landing and tlie other larger camps. The men had fresh meat, bread, 
and potatoes every day. No spirits were •allowed throughout the journey to Fort Gany, 
but all ranks had daily a large ration of tea. This was one of the very few military ex- 
peditions ever undertaken by English troops where intoxicating liquors formed no part 
of the daily ration. It was an experiment based upon the practice common in Canada, 
where the lumbeniien, who spend the whole winter in the backwoods, employed upon the 
hardest labour, and exposed to a freezing temperature, are allowed no spirits, but liavc 
an unlimited quantity of tea. Our old-fashioned generals accept, without any attempt 
to question its truth, the traditional theory of rum being essential to keep the British 
soldier in health and humour. Let us hope that the experience we have acquired during 
the lied River expedition may have buried for ever this old>fogyish su}>crstition. Never 
have the soldiers of any nation been called upon to perform more unceasingly hard work ; 
and it may be confidently asserted without dread of contradiction, that no men have 
ever been more cheerful or better behaved in every resect. No spirit ration means no 
crime ; and even the doctors who anticipated serious illness from the absence of liquor, 
will allow that no troops have ever been healthier than they were from the beginning 
to the end of the operation. With the exception of sliglit cases of diarrhoea, arising 
from change of diet, it may be said that sickness was unknown amongst us.” 

Sir Garnet 'Wolseley, who cominaiide<i in this remarkable expedition, speaks 
(“ Soldiers* Pock('.t Book,** 2d edition, p. 172) very strongly against the rum 
ration, and says that, by substituting tea for rum, the health and efficiency of 
the men are increased, “ their disciplins will improve as their moral tone is 
raised, engendering a manly cheerfulness that spirit-drinking armies know 
nothing of.** 


* Journal, United Service Institution, 1871, vol. xv. p. 74. 

+ January 1871, p. 64. 
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In the Ashanti campaign of 1874 observations were carefully recorded by 
several officers, much of the information obtained being given in the book 

On the Issue of a Spirit Eation during the Ashanti Campaign of 1874 ” 
(Parkes). The conclusions arrived at were — 1. That abstinence did not 
Hinder those who abstained more sickly as a whole or more liable to malarious 
fever ; nor did it interfere with their powers of marching. 2. The issue of 
a mtion of i*um seemed to do good when given at the end of the day before 
going to rest. 3. That the quantity (2^ oz.) was amply sufficient. On the 
whole the necessity for the ration was by no means proved, although some 
officers returned rather shaken in their previous belief that alcohol was 
absolutely unruicessary in a military expedition. 

In sieges, which are pcirhaps more trying to men than campaigning in the 
open field, the advantage of temperance has, on two occasions, been veiy 
marked. In the gitiat si(»ge of Oibraltar, Sir George Eliott, who was a 
teetotaller, enforced the most rigid tempiirance, and the long and arduous 
blockade was passed through with remarkably little sickness. At the siege 
of Jellalabad, in Affghanistan, the “ illustrious garrison ” were*. quiUi destitute 
of all alcoholic liquom; and, to the astonishment of the officers, the Eurojjeaiis 
never had been so healthy, clK^erful, martial, and enduring, and free from (irime. 
During the Indian mutiny many regiments were debarred from spirits for a 
long time, and were much liealtliier than when they got them. 

In fact, it may be confidcmtly asserted that in war, spirits especially, and 
iud(.*.ed all alcoholic Ibpiors, are better avoideid ; and the i)hms(jof an American 
Jinny suigeon in the late civil war, who noticed how great was the improve* 
jiient when spirit 2 >rohibition was enforced, is fully justified by our own 
experience — “ Tiio curse of an army is intoxicating liipiors ; the spirit ration 
is the great) source of all tliis mischief.^' 

When debarred from sj)irits and fermented liquids, men are not only bettijr 
beluived, but are far jiioi'e cheerful, are loss irritable, and endure better the 
hardsliips and perils of wjir. Tlie coiimge and endurance of a drunlcjird are 
always lessened; but in a degree far short of drunkenness, sj)irits lower, while 
t(Mnperancj(i niises, the boldness and cheerfulness of sj)irit wliich a true soldier 
should possess.* ’ 

* The custom of giving rations of spirits to soldiers and sailors (even now not altogether dis- 
continued), was one of those incredible mistakes which are only made worse l;)y the explanation 
tliut it was done to ]»h?ase the men, and cover neglect in other ways. If any one wishes to 
see what our army was in former «lays, and how our dreadful military regulations made men 
drunkards in spite of themselves, I may refer them to an ohl Peninsuhar surgeon’s (William 
Fergussou's) Notes and Recollections of a Professional Life (1846). “ During the last war” (he 

.s.iys, p. 74), “our sailors and sohliers appeared to live for the ])uq30se of getting drunk ; witli 

tliem it seemed to be the chief article of tlieir creed — the cliief end of life ^(Irog, grog,* 

w;i8 still the cry ; I have seen it, as it were, forced down the throats of the innocent iiegrf) boy 
and the uncorrnpted young recruit. We seemed to believe that the term (iqiui vitw was its trim 
designation. Every one was to have it ; no matter what the age, the colour, the country, or the 
breeding. Our Portuguese allies in the Peninsula were the soberest of mankind. They liked 
their own weak country wine to dilute their food, but that would not do for us. We actually 
sent* for the rum of the West Indies and gave it them ; and at the battle of Busaco, I saw a party 
of Portuguese artillery, as soon as the rum ration was served, as if they had been possessed by 
a devil (and they actually were possessed by a devil in the shape of alcohol) /Iraw their swords 
anti fight with one another, when actually under the tire of the enemy” (p, 85). 

He cites numerous most lamentalile facts, and well concludes that “our canteen system 
will in after times be viewed with horror and astonishment, at its folly, corruption, and wickeil- 
n>ss.” 

I. do not recall these opinions without a motive. Tliere is too much reason to fear that many 
officers still believe that soldiers must have spirits. Feigusson says that “ the exceeding vul- 
^rity of the prejudice that ardent spirits impart s^ength and vigour to the buimin frame is 
disCTaceful to educated men and yet this belief is still actually held by many persons in 
authority. Although in the army, drinking is the great source of all crime ami ijisulionliua- 
tion ; although even within the last twenty years we have ha<l one if not more instances that, 
even during an assault, men will sacrifice anything;, even their honour, to obtain spirits ; 

U 
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Looking back to this evidence, it may he asked, Are there any circumstances 
of the soldier’s life in which the issue of spirits is advisable, and if the ques- 
tion at any tune lies between the issue of spirits and total abstinence, which 
is the best 1 

To me there seems but one answer. K spirits neither give strength to the 
body, nor sustain it against disease — ^aro not protective against cold and wet, 
and aggravate rather than mitigate the effects of heat — ^if their use even in 
moderation increase crime, injure discipline, and impair hope and cheerful- 
ness — ^if the severest trials of war have been not merely borne, but most easily 
borne, without them — if there is no evidence that they are protective against 
malaria or other diseases — then I conceive the nuidical officer will not be 
justified in sanctioning their issue under any circumstances. 

The terrible system which in the East and West Indies made men 
drunkards in spite of themselves, and which by the issue of the morning 
dram did more than anything else to shatter the constitutions of the young 
soldiers, is now becoming a thing of the past. Eut the soldier is still 
permitted to got spirits too easily, and is too ignorant of their fatal influence 
on his health. Still the British army boars the unhappy character of the 
most intemperate army in Europe, and it is certain that its moments of 
misconduct and misfortune have been too frequently caused by the unrestrain- 
able passion for drink. Ih^membering aU these things, and how certainly it 
has been proved that dninkenness increases the spread of syphilis, it is not 
too much to say that the repression of this vice should be one of the chief 
duties of every officer in the army. Moderation should be eiicouragcjd by 
precept and example ; whoh>some beer and light wine should be invariably 
substituted for spirits, and if these cannot be procui'ed, it may safelj be said 
that the use of tea, coffee, or simple water is preferable to spirits under all 
circumstances of the soldier’s life. 

Rmdanee to Dinease, — Malana . — There are instances for and against the 
view that spirits are useful against malaria. On both sides the (jvidonce is 
defective ; but there are so many cases in which persons have been attackeil 
with malarious disease w^lio took spirits, that it is impossible to consider the 
preventive powers great, even if they exist at all. On the other hand, when 
tijetotallers have escaped malaria (as in the instance recorded by Drake),* 
there have been other circumstances, such as more abundant food and better 
lodging, which will explain their exemption. The probability is, that the 
reception and action of malaria are not influenced by the presence or absiuice 
of alcohol in the blood, unless the amount of alcohol is so great as to lessen 
the amount of food taken. 

Yelloto Feuer , — It is a general opinion in New Orleans and Mqlule that the 
victims of yeUow fever are chiefly those who drink freely (Drake). The 
old West Indian experience is to the same effect. 

Cholera, — Intemperance, per has no influence, and teetotalisrn does not 
guard against cholera. When a regiment is attacked with cholera, and the men 
take to drinking, a numl>er of pseudo-cases come into hospital of vomiting and 


altliough the best officers know that this is the one point on which they cannot depend on their 
men, far too little has been done to make our army temperate. I do not mean to say that 

.. il. • . 1 . 1 xU-, - Cm 4.U:.. Cm „11 xT.i 1. 1*^ 1 


tluin by any otlier cause, and that the moral as well as the physical evils proceeding from it are 
beyond all reckoning ; and yet the attempts of the Legislature to set some bounds to intemper- 
ance have been and are opposed with a bitterness which could only be justified if the degi*a- 
dation and not tlie improvement of mankind was desired. 

* On the Interior Valley of North America. 
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cramps, which are of Jen returned as cholera, but I believe they seldom if ever 
pass into true cholera. 

Dysentery. — It has been supposed, from some statistics for 1847, published 
in the Fart George Gazette, that teetotallers were more subject to dysentery, 
but the error was committed of not estimating sufficiently the influence of a 
particular station (Secunderabad), where it is so happened a number of 
teetotallers were stationed during an outbreak of dysentery. The conditions 
of the station were to blame, not the habits of the men. 

In none of the conditions now enumerated is there any evidence that 
alcohol is desirable. 

Conclusion as to the Use of Alcohol. 

The facts now stated make it difficult to avoid the conclusion that the 
dietetic value of alcohol has been much over-rated. It does not ai)pear to me 
possible at present to condemn alcohol altogether as an article of diet in 
health ; or to prove that it is invariably hurtful, as some have attempted to 
do. It produces effects which are often useful in disease and sometimes 
desirable in health, but in health it is certainly not a necessity, and many 
persons are much better without it. As now used by mankind, it is infinitely 
more powerful for evil than for good ; and though it can hardly be imagined 
that its dietetic use will cease in our time, yet a clearer view of its effects 
must surely lead to a lessening of the excessive use which now prevails. As 
a matter of public health, it is most important that the medicjil . pi*of ession 
should throw its great influence into the scale of moderation ; should explain 
the limit of the useful power, and show how easily the line is passed which 
carries us from the region of safety into danger, when alcohol is taken as a 
commbn article of food.* 

Dietetic Use of Alcoholic Beverages. 

In the j)revious remarks, the effect of alcohol only has been discussed, but 
beer and wine contain other substances besides alcohol. 

In wine there are some albuminous substances, much sugar (in some wines), 
and other carbo-hydrates, and abundant salts. Whether it is that the amount 
of alcohol is small, or whether the alcohol be itself, in some way, different 
from that prepared by distillation, t or whether the co-existence of carbo- 
hydrates and of salts modifies its action, certain it is that the moderate use 
of wine, which is not too rich in alcohol, does not seem to load to those 
profound alterations of the molecular constitution of organs which follow the 
use of spirits, even when not taken largely. Considering the large amounts 
of vcgebible salts which most wines contain, it may reasonably be supposed 
that they play no unimportant part in giving dietetic value to wine. Indeed, 
it is quite certain that, in one point of view, they are most valuable ; they are 
highly anti-scorbutic, and the arguments of Lind and Gillespie, for the 
introduction of red wine into the royal navy instead of spirits, have been 
completely justified in our own time by both French and English experience. 


* A great evil is growing up in India, which now could be checked, but which we shall be 
powerless to meet in a few years. The Hindoos, formerly the most temperate of races, are 
rapidly becoming addicted to drink. Tliis is said to be partly owing to the regulations of the 
Government permitting, and even encouraging the sale of spirits, although the alcoholic liquors 
form no part of the ordinary food of the people, and therefore their prohibition is not difficult ; 
and partly from the bad example of the Europeans in India, who, as the dominant race, are 
impressing more and more the nations whom the)r control. It seems a matter which our stotes- 
men may well look into, for it involves tlie happiness of many nations. 

+ Thudichum and Dupr^ could not, however, trace any difference between the alcohol in 
wines and tliat derived from, other sources. 
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It is now certain that with the same diet, but giving in one case red wine, in 
another ruin, the pei’soiis on the latter system will become scorbutic long 
before those who take the wine. This is a most important fact, and in a 
campaign the issue of red wines should never bo omitted. The ethers may 
also be important if, as indicated by Beniard, and recently pointed out by Dr 
E. Forster {Brit M&L Journal^ ISTov. 1868), they excite the flow of the 
pancreatic secretion, and thereby promote the absorption of fat. 

In beer, there appear to be four ingredients of importance, viz., the 
extractive matters and sugar, the bitter mattem, the free acids, and the akiohol. 
The first, no doubt, are carlio-hydrates, and play the same part in the system 
as starch and sugar, apjuopriating the oxygen, and saving fat and albumiiiates 
from destruction. Ilcmce, one cause of the tendency of pi‘Tsons who drink 
much beer to get fat. The bitter matters are supposed to be stoniacliic and 
tonic ; though it may be qui'^stioned whe.ther we have not gone too fiir in tliis 
tlirection, as many of the higluist-priced beers contain now littUi else tlian 
alcohol and bitter extract. The action of the free acids is not known \ but 
their amount is not inconsiderable ; and they are mostly of the kind which 
form carl)onates in the system, and which seem to play so uscvful a part. The 
salts, especially potassium and magnesium phosi)hates, are in large amount. 

It is evident that in beer we have a beverage which can answm* several 
purposes — ^viz., can give a supply of carbo-hydratcvS, of acid, of important salts, 
and of a bitter tonic (if such be needed) independent of its alcoliol, but 
whether it is not a very expensive way of giving tluise substances is a (piestion. 

In moderation, it is no doubt well adapted to aid digestion, and to lesstm 
to some extent elimination of fat. It may be inferro(l that beer will cause 
an increase of weight of the body, by imirejisiiig the amount of food tqjten in, 
and by slightly lesstming metamorphosis ; and general experience dbnfiniis 
those inferences. When taken in exc(5ss, it seems to give rise to gouty afiec* 
tions more readily even tlian wine. 

In spirits, alcohol is the main ingredient, chiefiy in the form of ethyl-fdcohol, 
though there are small amounts of propyl-, butyl-, and in some cases amyl- 
alcohols. Ill addition, there arcj sometimes small (piantities of other ; and, in 
some cases, essential oils (as apparently in absinthe, and in one kind of Cape 
brandy), which have a powerful action on the nerves. Eut spirits are, for the 
most part, merely fiavoured alcoliol, and do not contain tlu^y ingredients which 
give dietetic value to wine and beer. They are also more dangerous, because 
it is so easy to take tlumi iiiidiluteil, and tlms to increase the chance of 
damaging the structure and nutrition of the albuminous structures with which 
they come first in contact. Tliore is every reason, therefore, to discourage the 
use of spirits, and to let beer and wines, with moderate alcoholic 2 )ower, take 
their place. f 

SECTION ir. 

NON-ALCOHOLIC BEVERAGES. 

Sub-Skotion I. — Coffee. 

Uiiroasted coffee contains much ceUuloso (34 per cent.), fat (10 to 13 per 
cent.), sugar and dextrin, and vegetable acid (15 -5), andlegumiu (10 per cent.) 
There is also a solid acid, aromatic oil in small quantities, caffeiu, and ash, the 
cliief ingredients of wliich are potash and phosphoric acid. The total amount 
of caffoin (free and combined), according to Payen, is about 1’736 per cent. ; 
but this is more than other observers have found. In roasted coffee berries 
the average of Eoutrou and Robiquet’s analyses gives *238 per cent, of caffein 
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Aubert* * * § has given the amount as from *709 to ‘849 per cent., and Witte 
makes it *666 per cent. ; Graham, Stenhouse, and Campbell state it as -87 per 
cent. It may be assumed to be *75 per cent, on an average. Aubcrt found 
that roasting coffee to any extent caused very little loss of caflTein. . The caffein 
is extracted easily by benzol or by chloroform.! 

When coffee is roasted it swells, but becomes lighter (15 to even 25 per 
cent, if tlie coflPee is dark roasted). Tlie sugar is changed into caramel, the 
peculiar aroma is developed, the union between the caffein and the caffee-gallic 
a(iid is broken up ; several gases are formed, viz., carbonic acid (in great<\st 
amount), carbonic oxide, and nitrogen. It is owing to these gases that the 
roasted coffee swells so much. (Coulier, R<iciieil de Mhnmres de Med, MIL,, 
Juiii 1864, p. 508). In the infusion almost all the caffein is found, according 
to Aiibert, while others say about one-half is lost. Aubert has found that in 
a cup of coffee made with 16*66 grammes, or *587 ounce avoirdupois (1 
Prussian loth), there are from *1 to *12 giammes (=1*5 to 1*9 grains of cafhun). 
In a cup of tea made from 5 to 6 grammes ( = 77 to 92 grains) of tea, about 
the same amount of caffein is coTitained. 

As an article of diet ^ coffee stimulates the nervous system, and in large doses 
produces tromoi’s. Caffein given to animals augments rediex action, and may 
produce tetanus, or pecAiliar stiffness of musclcis. It increases the frcMiuency 
of the pulse in men, and removes the sensation of commencing fatigue during 
exercise. It has been said (J. Lehmann and others) to lessen the amount of 
urea and phosphoric acid, but this is doubtful.! It apptiars, hiiwever, to 
increase the lu'inary water. Tlit'. pulmonary civrbonic acid is said to be increased 
(E. ISmith). It increases the action of the skin. 

In animals (frogs, dogs, and rabbits), caffein produces the following effects, 
as detertnined by Aubert and others : — Increased reflex action ; a peculiar 
stiffness of the muscles, sometimes"tetanus ; no lessening of neiToiis excitability ; 
an invariable ijicrctise in pulse-frecpiency, and a lessoning of the blood-pressure 
(in dogs). This effect on the circulation is peculiar and compl(3X. Aubert 
is convinced that the work of the heart is less, in si)ite of th(j increased beats ; 
thei-e is not time for perfect contraction, and this lessened power shows itself, 
ho thinks, in the lessened blood-pressure. Aubert considers that the lessened 
heart-pressure is dependent on a moi-e or leas marked paralysis of the nerves 
passing to the heart from the ganglia ; the increased fre^piency must be 
dependent either on paralysis of the regulating or excitation of the contiactivo 
heart nerves, and of this alternative he adopts the latter. He thinks it 
uncertain whether coffee owbs its dietetic value to the caffein. 

Coffee is a most important article of diet for 8oldiei*s,§ as not only is it 


* Arebiv. fiir die ges. Phys., band v, p, 689. 

4 Caffein^ theiiie, and theobromine are the same substance. In the leaves of the Paraguayitea 
(Ilex paraguaye7isis, the tea is caUed Mat^ in Paraguay), which are used to make tea in the 
Argentine confederation, and throughout the southern part of Brazil, there is also an alkaloid 
identical with theine. In dietetic properties, Paraguay tea is thouglit to stand between coffee 
and Chinese tea, but to be more like coffee. The alkaloid in guarana is also theine, according 
to Stenhouse. 

X While Hoppe found a decrease in dogs, Voit found no alteration of urea; and some ve'y 
careful experiments, made by Dr Squarey of University College, do not confinn Lehmann's 
observations on men so far as the urea is concerned. Dr S<iuarey*8 experiments are far more 
complete than those of Lehmann ; the urea was not affected even by very large (luantities of 
coffee. It would be interesting to examine the urine again after the use of the £rythroxylon 
coca. The late work of M. Moreno of Maiz (Paris 1868), confirms the previous statoniente of 
the removal of the sensation of hunger by this substance. The cold infusion increases, he 
afhrniR, the arterial tension. 

§ The ration, one ounce, is generally too small, and might advantageously be doubled at 
least. See experiments recorded in ^‘The Issue of a Spirit Ration” (Parkes), Appendix I. 
p. 39. et seq. 
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invigorating, without producing subsequent collapse, but ^ the hot inf usion is 
almost equally serviceable against both cold and heat : in the one case, the 



Fig. 63. — Testa of raw Coffee x 170; the right-hnnd figure shows the double spiral fibres in 

the raphe of the berry x 600. 


warmth of the infusion, in the other, 



Fig. 64. — Raw Coffee-berry ; transverse section 
X 170. 

Soldiers. Exposed to the air, the roasted 


the action on the skin, being useful, 
wliile in both cases the nervous 
stimulation is very de.sirahle. Dr 
Hooker tells us that in the Antarctic 
expedition the men all preferred 
coffee to 8j)irits, and this was the 
case in the Schleswig-Holstein war 
of 1849. 

The experience of Algeria and 
India (where coffee is coming more 
and more into use) proves its use 
in hot climates. 

It has been asserted to he pi’otec- 
tive against malaria. The evidence 
is not strong, but still is sufficient 
to authorise its use in malarious 
districts. 

Making of Coffee , — Eoasted and 
ground coffee must he served out to 
troops, as the delicate operation of 
roasting can never be performed by 
ind ground coffee loses its aroma in 


from two to four months ; but if packed in tins it will keep it for several 
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months. The tins should not be too lai^e, so that no more than necessary 
may be exposed to the air. It has been said that the tin is acted upon, but 
this does not appear to be the case for some time. The amount should lie 
at least y^^ths of an ounce for each j)erson per meaL 

The cotfee must not be boiled, or the aroma is in part dissipated ; but if 
made with water of 180'* or 200^ the coffee only gives up 19 to 25 per cent., 
whereas it ought to yield 30 to 35 per cent. In order to get the full benefit 
of the coflFee, therefore, after the infusion has been poured off, the grounds 
should bo well boiled in some more water, and the hot decoction poured over 



Tinficforl C^.nfFao • oininfr oit* flia fiiiTHa 

f ix^sh cofftie, so that it may take up aroma ; the coffee thus partially exhausted 
<?au 1)0 used on the nsxt occasion for boiling. 

’'Fhe infusion of coffee has a specific gravity of about 1008 to 1010 ; tlxe oil 
caffein, sugar, dextrin, and mineral matters, are taken up by water. 

Choice of Coffes, — This is determined entirely by tlie aroma and taste of 
the roasted coffee and. of the infusion. If the coffee has been damaged (as by 
sea-water, when the berries are washed in fresh water and redried), then', 
is always a <Hsagrecable taste even after roasting (Chevallier). The beiries 
give up less than usual to water (12 per cent,)* 

Adulteratioiis, — Tlie microscope detects adulterations with the gi’eatest 
facility. 

The structure of the coffee-berry is shown in the drawings. 

Tlie long cells of the testa (figs. 63 and 65) are very marked. The 
interior of the berry also presents chfiracters which am quite evident ; an 
irregular areolar tissue contains light or dark yellow angular masses and oil 


• * With regard to the choice of the coffee berry some caution must be used. The best coffee, 
that of Yemen, origitially the Abyssinian berry, is a moderately large full l^erry (according to 
Palgrave), tlie inferior sorts being small and shrivelled. In Inclia the same rule does not seem 
to hold good, and I have been told by officers of experience that in that country the best 
coffee is often a shrivelled and uninviting-looking article, -whilst the fuller and apparently 
liner samples are really inferior for use as a beverage. (F, de C.) 
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globules, which are very different from any adulterations. The little cork- 
sorew-like unrolled spiral fibres are chiefly found in the bottom of the raphe. 

. ‘ ^ The ustial adulterations of 

coffee are roasted chicory*^ 
cereal grains or beans, pota- 
toes, and sugar. 

1. Cliicory is discovered 
by its smell; by yielding a 
darker and denser infusion 
of a specific ginvity of 1018 
to 1020 ; and by its micro- 
S(K)])ic characters. It also 
sinks at once in water wlien 
roasted, ‘whereas coffee^ floats 
for a long time in conse- 
qucmce of the de,velo])iuont 
of gas during roasting, or 
irum the non-absorlient cha- 
ra(!tcr of the perisperm and 
liard yellow granules of the 
cellulose. The niicro8Coj)i(; 
test is the most important, 
and both the (JoUs and dottecl 

Fig. 66.- Roasted Coffee-berry; tnrosve^e section. 

ciiaractenstic, at least nothing 
like them exists in coffee, f The jiercentage of ash has been suggested as a moans 
of detection. Coffee yields about 4 per cent., of which four-fifths are Soluble 





Fig. 67. — Chicory root ; cells and dotted ducts. 

in water : chicory yields about 6 per cent., of which only one-third is soluble. 
2. lioasted com or beans are at once known by the starch-grains, which 

* ^icory is itself adulterated with roasted barley and wheat grain, acorns, mangold- wurzcl. 
saw-dust, and l)eans and peas. » a ^ 

+ a notable amount of sugar (12-14 per cent.), whereas coffee never has 

more than 1 percent. Waiiklyn has proposed to make this a basis of detection, usine the 
copper test. ^ ^ 
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frequently preserve the precise^ eharacter of wheat or barley or beans, ^ee 
figures of the^ grains, p. 227 et seq.) Iodine tqms theA at once blue. The 

Jfusion also ^ves a blue with iodine. ^ i ^ 

■ : 3. Potato starch is also at once detected ; there is nothing like it in coffee. 
(See figure, p. 232.) Sago starch, which is iometiinos used, is easily 
detected. ^ ' 

4,. Sugar is detected by solution, and by the copper solution which it 
reduces, as the kind of sugar is almc^t always glucose. If caramel or burnt 
sugar be present, imke an infusion, evaporate, dry, and taste; if the extiuct he 
brittle, dark colourtSii, and bitter to the taste, caramel has been added (Ilassall). 

5. Pereira* has given a long list of adulterations of chicory, and Hassall 
has also detected mixture with mangold-wurzel, parsnip, carrot, acorn, and 
saw-dust. The cells of mangold-wurzel are like chicory, but much larger; 
those of carrot and parsnip aiti something like chicory, but contain starch cells ; 
the starch-gi'ains of the acorn are round or oval, with a deep culvert depres- 
sion, or hilum. The infusion of chicory is not turned blue by iodine; when 
incinerated the ash' of chicory s^uld not be less than 5 per cent. 

Sub-Section II. — Tea. 

Tlie chief kinds of black tea are Souchong, Congou, Oolong and Pekr 
llohea is not now found in the market. The chief gioeii teas are Hyson, 
Hyson-stem, Twankay, Caj)er, and Gunpowder. 

Dry tea contains about 1*8 j)er C(uit. of thein; 2*6 of albumen; 9*7 of 
dextrin ; 22 of cellulose; 15 of tannin; 20 of extractives; 5*4 of ash, as well 
as other matters, such as oil, wax, and resin. 

In some good teas the amount of thein is much greater. Pdligot found as 
much as 6*21 per cent, in dry tea. The thein is combined with tannic acid. 

Plack tea contains from 6 to 10 ptjr cent, of water — more often the lattcjr 
quantity ; gi*een tea about 8 per cent. 

The ash consists principally of potash, soda, magnesia, phosplioric acid, 
chlorine, carbonic acid, iron, and silica.! Th('rc is rather more tannic acid, 
and more thein and setherial oil, in green tlian black tea, and less cellulose : 
otherwise the composition is much the siime (Mulder). 

Black tea yields to boiling water, . . 29-45 per cent. 

As a mean, . 38 „ 

Green, J . . . . . . 40-48 „ 

As a mean, . 43 „ 

About yths of the soluble mattere are taken up by the first infusion with 
hot water. § 

If water contain much lime or iron, it will not make good tea ; in each case 
the water shoidd be well boiled with a little carbonate of soda for 15 or 20 
minutes, and then poured on the leaves. 

In the infusion are found 4fetrin, glucose, tannin, and thein. About 47 per 
cent, of the nitrogenous substances pass into the infusion, and 53 per cent, 
remain undissolved. If soda is added, a still greater amount is given to water. 

The green tea (now little sold) is either natural or coloiu’ed (faced) with 

* Materia Medica, vol. ii. p. 1678 (1863). 

+ The Society of Public Analysts have adopted 8 per cent, of ash as the maximum of perfectly 
dry tea. The amount in ordin^teais about 5 to 6 percent., of which about 3 per cent, is 
soluble. The ash of ^ent tea is only al^ut 8 per cent., of which 0*5 is soluble. 

± There appears now to be very little green tea in the market, since it has been decided that 

** facing ** is an adulteration. ^ 

§ The Society of Public Analysts have adoptqd 30 per cent, as the minimum extract in 
genuine tea ; VVankl^Ti takes 32, and certainly good genuine tea generally yields tliis at l^^t. 
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of 0(^per, 

Scraping thjdi tea^leaves and microscopic oxaminatioii ^at onbe detoi^- shin^ * 
ing blue partddes.of indigo and Prussian blue ; and the additjon b£ ^ acid 
indicates which is indigo.* Copper is at once detected by solutioiL in lod 
acid fdid addition of ammonia, iietheby mentions that blackiead is^ nsed ,^ 
give abloom to black teas. #* . . ' :: 

: As an Article of Diet.^Tea seems to have a decidedly stimulative" and ^ 
^ifestorative action on the nervous system, which is porbftps mded by the * 
TOrmth of the infusion. No depression follows this. The pulse is a Httle 
cm Tlie amoimt of pulmonary carbonic ^acid is, according to E, 

©mith, increased, t The action of the skin is increased ; that of the bowels 
lessened. Tha kidney excretion is little affected ; perhaps the urea is a little 
lessened, but this is uncertain. J 

As an article of diet for soldiers, tea is most useful, llie hot infusion, like 
that of coffee, is potent both against heat and cold ; is most useful in great 
fatigue, especially in hot climates (Eanald Martin) ; and also has a great 
purifying effect on water. Tea is so light, is so easily carried, and the infusion 
is so readily made, that it should form the drink par excellence of the soldier 
on service. There is also a belief that it lessens the suceptibility to malaria, 
but the evidence on this point is imperfect. 

Choice of Tea, — The t^ should not be too much broken up, or mixed up 
with dirt. Sp]*ead out, the loaves should not be all large, thick, dark, and 
old, but some should be small and young. There will alwa^^s be in the best 
tea a good deal of stalk and some remains of the flower. In old tea much of 
the aethei'ial oil evaporates, and the aroma is less marked. 

The infusion should be fragrant to smell, not harsh and bitter to<taste, and 
not too dark. The buyers of tea seem especially to depend on the smell and 
taste of the infusion. 

Structure of the Tea Leaf — The border is serrated nearly, but not quite to 
the stalk ; the primary veins run out from the midrib nearly to the border, 
and then turn in, so that a distinct space is left between them and the border. 
The leaf may vary in point of size and shape, being sometimes broader, and 
sometimes long and narrow. The appearance under the microscope of the 
upper and under surfaces is seen in the drawing. The border and the primary 
venation distinguish it from all leaves.§ The Ifeaves which it is said have been 
mixed with or substituted for tea in this country are the willow, sloe, oak, 
Valonia oak, plane, beech, elm, poplar, hawthorn, and chestnut ; and in 
China, Ohloranthus incomjncuus and Cariadlia Samnqua are said to be used. 

* The brick tee of the Tartars consists of old tea leaves, mixed with the leaves and stems 
of Rhamnus thehmis^ Hkododendron^ Chryaanthemxmy Rosa canina^ other plants, mixed 
with ox’s or sheep’s blood. It is ntuoh used -to purify w^or. 

Phil. Transactions, 1859. , • 

X The evidence with respect to the urine is very contradictory ; but, on the whole, the action 
seems to be inconsiderable. Dr Edward Smith considers that, " tea promotes all vital actions, 
and increases the action of the skin.” It is, perhaps, impossible at present to expmB its a^ion 
in so succinct a form. 

bha 

and'xons: _ ^ . ^ ^ 

the: reticulated body of the venatien, a distinct little fnnicnlus may be^traceS inte each of the 
minute bud-like bodies which amrfteated just witkin the tip of the serrature. This latUr 
particular is of importance, for, as might be expected, somewhat similar appendages may be 
fonxidm other serrated leaves, but in all cases hitherto examined by us, they occur of instead 
4f within point of the serratures. No notice appears to haWbeen taken of this fact by 
>dirnctural botanists; but Dr Macdonald, who first called attention to it, refers the bodies 
themselves to the category of marginal buds. (P, deC) 
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Extraction ofUidn, 

Occasionally it may be desired to determine the quantity of thein. Take 
10 grammes of tea, exhaust with boiling water, and add solution of subacetato 
of ItMid ; filter ; piiss hydrosulphuric acid, to get rid of excess of lead ; filter ; 
evapomte to small bulk, and add a little ammonia ; add more water, decolorise 
with animal charcoal, and evaporate slowly to small bulk. Wliite feathery 
crystals of thein form, whicli should be collected on filtering p^per, dried at a 
very low heat, and weighed, 

Ddei'minatixm of Tannin. 

Make an infusion, and add solution of gelatine ; coUcct prccij)itate, dry and 
weigh — 100 parts — 40 of tannin (Marcet), 

Examination of Tea. 

Judge of the aroma of the dry tea and infusion ; taste infuvsion ; spread out 
leaves and see their characters ; collect anything like mineral powder, and 
examine under microscope. The microscope will also show if the tea has de- 
t(n*iorated by keeping ; sometimes acari, fungi, and bacteria may be found. 

To make the infusion, take 10 grammes of tea and infuse in 500 C.C. of 
hoilinff distilled or rain water.* Let it stand five or six minutes before smell- 
ing and tasting it. Exhaust the loaves by boiling with successive portions of 
water, until no colour is giv^m uj) to the water. Metisure the tf>tal amount of 
the infusion ; take 100 C.C. and dry it in a water-bath f and weigh. Calculate 
out the percentge. 

Example. — The total quantity of the infusion from 10 grammes of tea was 
1890 C.C. ; 100 C.C. taken and dried yielded 0*21 of (extract; then 

X 0*21 = 3*969 of extmct in 10 grammes; this multiplied by 
10 = 39*69 per cent. 

The exhausted leaves may also be dried and weighed, the loss representing 
the amount of extract, which ought to correspond witli the amount olitained 
dirt^ctly. 

T"he ash should also be determined ; 5 or 10 grammes are to be incinerated ; 
the ash is generally grey, sometimes slightly greenish. Any excess above 6 
])er cent, is suspicious ; if above 8 pcir cent, on the perfectly dry tea^ adultera- 
tion is certain. About one-half of the ash is soluble in water ; the solution is 
often (but not always) pink, from the presence of manganese. The amount 
and character of the ash form good means of detecting the use of exhausted 
leaves. 

The acidity of thtj infusion, and the amount of tannin and thein may also 
be deteraiined ; as also the clilorine, alkalinity, and iron of the ash. Tins 
best tests of the (piality of the tea are the aroma and the physical characters. 

Sub-Section III. — Cocoa. 

Compodtion. — Although the theobromin of cocoa is now known to be 
identical with thein and calfein, the composition of cocoa removes it widely 
from tea and coffee. The quantity of fat is large ; it varies even in the same 

* The dealers usually take as much tea as is equal in weight to a new sixpence for the infu- 
sion. Tills is equal to about 3 grammes : it is dissolved in a cupful.of water, about 5 ounces 
or 140 C.C. 

f Mr Wnnklyn sugTCsts a simple form of water-bath ; an ordinary tin oil-can about three- 
parts full of water ; tliis is boiled over a lamp^ and the dish with infusion to be dried held 
over the narrow mouth in the ring of a retort stand. The drying is soon completed in the 
steam. 
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sort of cocoa, but is usually from 45 to 49 per cent.; * the theobromin is 1-2 
to 1‘5 per cent. ; the protein substances 13 to 18 per cent. The ash contains 
a large quantity of phosphate of potash. 

tm Article The large quantity of fat and albuminoid sul)stanco 

makes it a very nourishing article of diet ; and it is therefore useful in weak 
states of the system, and for healthy men under circumstances of great 
exertion. It has been even compared to milk. In Soiitli America cocoa and 
niaizo cakes are used by tmvellers ; and the large amount of agreeable nourish- 
ment in small bulk enables several days^ supplies to be easily carried 
(Humboldt). 

By roasting, the starch is changed into dextrin ; the amount of margiric 
aidd increases, and an cmpyreumatic aromatic substance is formed. 

The changes depend on the amount of roasting ; the lighter-coloured nuts 
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Fig. 69.— Cocoa, Outer Coat x 190. 


contain more unchanged fat, and less arojna ; the strongly roasted and dark 
cocoas have more aroma and bitterness. 

Choice and Adulterations , — In commerce, cereal grains, starches, arrowioot, 
sago, or potato starch and sugar, are very commonly mixed with cocoa ; and 
some of the so-called homoeopathic cocoas are rightly named, for the amount 
of cocoa is very small Brick-dust and pei*oxidc of iron are sometimes used 
(Normandy).! The structure of the cocoa is very marked. 

The starch-grains of cocoa are small/ and embedded usually in tlie colls. 


* The Society of Public Analysts have adopted 20 per cent of Cocoa butter as the minimiun 
aduiissible. 

f Hassall examined 64 samples ; 8 were genuine, 43 contained sugar, and 46 starch ; 39 out 
of 68 samples contained earthy colouring niatti^, as reddle, Venetian red, and umber (On 
Adulteration, p. 169). 






starches). Siij^ar can be detected by the taste, and by solution. Mineral 
substances are best detected by incineration, digesting in an acid, and testing 
for iron, lead, &c. 
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CONDIMENTS. 


Sub-Section I. — ^VixNBgar. 

an Arf.lde of Diet , — Robert Jackson was of opinion that the use of 
vinegar was too restricted in the army. This opinion ho appears to have 
formed from considering the great use of vinegar made by the Romans. 
Wliiitever may have been the source of the opinion, there is no lioubt of its 
correcitnoss. Acetic acid plays tliat double part in the body which seems so 
important, of first an aciil of a neutral salt, and then, in the form of carbonic 
acid, as the acid of an alkaline salt. Rut this valuable dietetic quality is 
partly counhn’-btdancod in English vinegar by the unfortunate circumstance 
that "sulphuric acid ( weight) is allowed to be added to vinegar, 
and thus a strong acid is taken into the body, which is not only not useful in 
nutrition, but which is hurtful, from the tendency to form insoluble salts of 
lime. As tlu^ addition of sulphuric acid is not necessary,* and, indeed, is not 


* The abseuco of Anguillnla Acfti has been by some attributed to the use of sulphuric 
acid See Micrograpliic Dictionary, article Anguillnla, In a sample I examined, >vhlch 
swarmed with au^illulee, tliere was only a trace of sulphuric acid. (F. de C.) 
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permitted on the Continent, it is to be hoped the legieilature will soon alter 
a system which has the effect only of injuring an important article of diet. 
The amount of vinegar which may bo used may bo from one to several ounces. 
On marches, the Romans mixed it with water as a beverage. 

Examination of Vinegar. — Several kinds of vinegar are in the market, 
known by the !N^os. 16, 18, 20, 22, 24. Nos. 22 and 24 are the best, and 
contain about 5 per cent, of pure acetic acid. The weakest kintls contain less 
than 3 per cent. The Society of Public Analysts have adopted 3 per cent, us 
the minimum admissible. 

Quality. — 1. Take specific gravity; of the best, = 1022 ; of the worst, = 
1015. If below this, water has been added. 

2. Determine acidity of 10 C.C. with the alkaline solution (see Beer). It 
is generally best to dilute the vinegar ten times with distilled water, and to 
take 10 C.C. of the diluted vinegar. Multijdy the C.C. of alkaline solution 
used by 0*6, the result is acetic acid per cent. 

E.m-mpte . — 10 C.C. of dilutcul vinegar took 8 C.C. of alkaline solution : 8 
0*6 = 4*8 per cent, of acetic acid. 

The acidity of English vinegar is cliiefly caused by acetic and sulphuric 
acids, but it is usually calculated at once as glacial acetic acid. If it falls 
below 3 per cent.,* water has probably been added. (The lowest note<l l.iy 
Ha.ssall in 33 samples was 2*29.) 

If the specific gmvity be low, and the acidity high, excess of sulphuric acid 
may have been added. 

If the alkaline solution cannot be pi*epared, the acidity must be determined 
with dried or crystallised sodium carbonate. Weigh 10 grammes of ilried 
sodium cat bonate, and add portions cfirefully to a weighed quantity of vinegar 
(10 grammes), till it is neutralised ; then weigh the remaining soclium carbo- 
• nate, ainl calculate according to the atomic weights (53 ; 60 = a: x), or multiply 
the quantity used by 1*132 ; the result is the amount of glacial acetic? u(*id in 
the (quantity of vinegar experimented upon. 

In adding sodium carbonate to 'tvine vinegar, the colour becomes dark and 
inky. Ammonia also gives a purplish precipitate in wine^ but not in malt 
vinegar. 

3. If excess of sulphuric acid be suspected, it must he detorminod by 
baryta; this requires care, as sulphates may be introduced in the water. 
Hydrocldoric acid and barium chloride are addeti ; the sulphate of barium 
collected, dried, weighed, and multiplied by *34305. 

Adtdteratiom. — Water ; sulphuric acid in excess (see ante)]f hydrochloric 
acid (uncommon) ; or common salt (detected by nitrate of silver and dilute 
nitric acid) ; pyroligneous acid (distil and re-distil the distillate, the residue 
will have the smell of pyroligneous acid) ; lead ; copper from vessels (evapoiutc 
to dryness, incinerate, dissolve in weak nitric acid, divide into two i>arts, pass 
SH., through one, and test for copper in the other by ammonia, or by a j)ieco 
of iron wire) ; con*osive sublimate (pass Sllg through, collect precipitahj) ; 
c?apsicum, pellitory, or other pungent substances (evaporate nearly to dryness, 
and dissolve in boiling alcohol, evaporate to syrup, taste ; burnt sugar gives a 
bitter taste and a <hirk colour to the syrup). 

The presence of copper in the vinegar used for pickles may be easily 
detected by simply inserting the bright blad(i of a steel knife. 


* HassaU, says 3 ’5 per cent. 

f llie presence of sulphuric acid may be detected qualitatively, by adding a few drops of the 
inegar to a piece of caue sugar, and evaporating on the water- bath. The solution bucoiufs 
black ill proportion to the mineral acid present. (Hassall). 
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Sub-Section IL — Mustard. 

Good mustard is known by the sharp acrid smell and taste. It is 
adulterated 'with turmeric (detected by microscope and liquor potassae), wheat 
or barley starch (detected by microscope an<l iodine), and linseed (detected 



71. — White? Mustard Seed. —-Cuticle consistiii.i' of a pcrfonited cellular epiderin and 
mucilage cells, some by expaiisioii escaping through the cuticular opeiiiDgs after being placed 
ill water. 



Fig. 72. — Wliite Mustard Seed.— 1. Outer coat, cuticle mucilage cells ; 2. Fibrous reticular ; 
. Small angular adls ; 4, Large cells and very deUcate membrane i 5. Interior of seed with a 
few minute oil globules. 
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by microscope). Many samples of mustard are still mixed with turmeric and 
starch of some kind, but this has very much lessened since the passing of the 
Adulteration Act. Clay and plaster of Paris are sometimes added, and cayenne 
is added to bring up the sharpness, if much flour is used. 
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the structure of the seed consists of numerous cells containing oil, hut no 
starch. The black mustard has the same characters, without the infundibuli- 
form cells. 

Sub-Sbotion III.— Pepper. 


Pepper is adulterated with linseed, mustard husks, wheat and pea-flour, 
rape cake, and ground rice. The microscope at once detects these adultera- 
tions. 

The microscopic characters of pepper are rather complicated ; there is a 
husk composed of four or five layers of cells and a central part. The cortex 
has externally elongated cells, placed vertically, and provided with a central 



cavity, from which lines radiate towards the circumference ; then come some 
stmta of angular cells, whicli, towards the interior, are larger, and filled witli 
oil. The third layer is composed of woody fibre and spiral cells. The fourth 
layer is made up of large cells, which towards the interior become smaller 
and of ani deep red colour ; they contain most of the essential oil of the pepper. 
The central part of the berry is composed of large angular cells, about twice 
as long as broad. Steeped in water, some of these cells become yellow, 
others n^main colourless. It has been supposed that the yellow cells contain 
piperiue as they give the same reactions as piperine does ; the tint, namely, is 
deepened by alcohol and nitric acid, and sulphuric acid applied to a dry section 
causes a reddish hue (Hassall). 
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White pepper is the central part of the seed, but some small particles of 
cortex are usually mixed with it. It is composed of cells containing very 
small starch'grains. Hassall says that the central white cells are so hard they 
may be mistaken for particles of sand. A little care would avoid this. The 
starch-grains are easily detected, however small, by iodine. 

Pepper dust is merely the sweepings of the warehouses. Eape or linseed 
cake, cayenne and mustard husks, are mixed with pepper dust, and it is then 
sold as pepper. 

Sub-Sbotion IV. — Salt. 

Tlie goo<iness of salt is known by its whiteness, fine crystalline character, 
dryness, complete and clear solution in water. The coarst^r kinds, containing 
often chloride of magnesium, ami perhaps lime salts, are darker coloured, more 
or less deliquescent, and either not thoroughly crystallised or in too large 
crystals. 

SECTION IV. 

LEMON AND LIME JUICE. 

Tlieso juices contain free acids in largo quantities, chiefly citric, and a little 
malic acid, sugar, vegetable albumen, and mucus. 

The expressed juice of the ripe fruit of the Citrus Limmurn^ as ordered by 
the Ihitish Pharmacopoeia, is said to have a specific gravity of 1* * * § 039, and to 
contain on an average 32*5 grains of citric acid in one fluid ounce.* The 
fresh jui(Jo of the lime {Citrus LimMuj or Citrus asida) has a ratlier less 
specific gravity (1*037), and contains less acid (32*22 grains per ounce). f 
The lat^ very important Merchant Shq^ping Act,f which I'egulahis the issue 
of lemon juice on board merchant vessels, docs not define the strength; but it 
has been stated by Mr 8toddart§ that the Boaitl of Tmde standard is a specific 
gravity of 1030 without spirit, and 30 grains of citric aciti per ounce. It 
occasionally is as high as 1050. 

As found in commerce, for merchant shipping, or used in the Eoyal Navy, 
the lime or lemon juice is chiefly prepared in Sicily or the West Indies ; it is 
mixed with sjflrit (usually brandy or whisky, which gives it a slightly 
greenish-yellow hue), and olive oil is pour(".d on the top. 

Sugar is adde<l to it when issued, to make it more agnseablo to taste, in the 
proportion of half its weight Lemon juice is usually issued in bottles con- 
taining three to fonr pints, not ({uite filled, and is covered with a layer of 
olive oiL About 1 ounce of brandy is added to each 10 ounces of jiiic^. 
Sometimes the juice is boiled, and no brandy is added ; the former kind keeps 
best (Armstrong). Both are equal in anti-scorbutic power (Armstrong). Good 
lemon juice will keep for some years, at least three years (Armstrong) ; bad 
juice soon becomes turbid, and then stringy and mu<;ilaginous, and the citric 
and malic acids decompose, glucose and carbonic acid being formed. Some 
turbidity -and precipitate do not, however, destroy its. powers. 

As found in the market, it is frequently niixed witli water, and sometimes 

* Mr Stoddart (Pharm. Jonr. Oct. 1868) points out that the specific gravity is too high for 
the quantity of acid stated ; there may, however, he other ingredients. He gives himself the 
specific grarity as 1*040 to 1*045, and the citric acid as 89 to 46 grains per ounce (citric acid 
CflH^ 07 ). Mr Stoddart mentioned that when lemons are kept the citric acid decomposes, and 
glucose and carbonic acid arises. But yet citric acid is made fri)m damaged iruit. 

+ Stoddart, op. cii. p. 205. 

X The Merchant Shipping Act, 1867. Mr Harry Leach, who superintends the part of the Act 
relating to lemon juice, naa arranged a very good scheme of examination, which is being carrierl 
out by himself and by inspectors at the vorious porta. 

§ Pharm. Jour, Oct. 1868, p. 204. 
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witli other acids. In 20 samples examined in 1868 by Mr Stoddart 7 were 
genuine, 5 were watered, and 8 were artificial; tartaric acid being present in 
one, and sulphuric acid in another sample. 

I have examined two good specimens of the Eojral Navy lemon juice from 
Sicily, with the following results : — When evaporated carefully down, after 
separation of the oil, it formed a brownish fragrant mass, which was dried 
with some difficidty, but was afterwards completely soluble in water. (If the 
operation is carried too far the extract decomposes, and then* forms, according 
to Mr Stoddart, acetone, carbonic acid, and carbonic oxide and pyrocitric acid.) 
The look and smell of this extract wore very characteristic of true lemon juice. 
Tlie amount in my two samples was 7d86 and 7*1828 per cent. (Mr 
Stoddart's experiments give a rather less amount, viz., 6*17). When inciner- 
ated an alkaline whitish-grey ash was left ; and if the alkalinity was 
neutralised by a standard acid, it corresponded to *15 grains of citric acid per 
cent. The ash was *52 and *53 per cent, respectively, and of this *38 woi*e 
soluble salts ; the potash was *12 per cent., or just ^ grain per ounce, and the 
phosphoric acid was *008 per cent, or *035 gniins per ounce.* The total 
achlity ( = citric acid C^jHgO.^) was 4*61 and 5*36 per cent., or on an average 
nearly 22 grains of citric acid (C^jIIgO^) per ounce, f 

This was below the Boani of Traders standard. The alcohol was 5 per 
cent., corresponding to 10 per cent, of brandy added.. 

In the examination the points wdiich seem to me of consecpience, in addition 
to the determination of the free acidity, are the fragrancy of the extract and 
the alkalinity of the ash, proving the existence of some alkaline citrate. The 
latter could, however, be imitated, but the fiagrancy cannot be so. 

Examination of Lemon Juice, « 

1. Pour into a glass, and mark physical characters ; turbidity, precipitate, 
stringiness, &c. The tjiste should be pleasant, acid, but not bitter. Add lime 
water, and boil ; if free citric acid is prasent, a largo precipitate of wilcium 
citrate is formed, which redissolves as the solution cools. Evaporatcj very 
Ciirefiilly to extract, to test the fragrancy, &c. 

2. Take the specific gravity, remembering that spirit is present ; then, if 
necessiiry, evaporate to .pne-half to drive off alcohol, dilute to former amount, 
and take specific gravity at 60** Fahr. 

3. Determine acidity by alkaline solution as given at page 279. Express 

the acidity as citric acid ; 1 C.C. of the alkaline solution = *0064 of 

citric acid. As the acidity is considerable, the best way is to take 10 C.C. of 
the juice, add 90 C.C. of water, and take 10 C.C. of the dilute fluid, which 

* The quantity of x)otash ag^es closely with Mr Stoddart’s statement, who found *3 grains 
per ounce. Witt's analyses give from *2 to *5 per cent, of ash, of which 44*3 per cent, was 
potash, so that if the ash was '5, the potash would he '21 per cent., or -9 grains in 1 ounce. It 
IS, therefore, certain that the utility of lemon juice is not connected with the potash. So 'also 
if ray analyses are right for all sam])les, the opinion that the phosphoric acid is of consequence 
must he given up, as it is in such very small amount. Witt found the phosphoric anhydride 
rather more, viz. , *015 to *038 per cent. 

Air M. F. Anderson (of Coventry) suggests that the value of citric acid (or lime juice) is as 
a means of rendering the phosphates of the food soluble and consequently assimilable • were 
this so, the mineral acids ought to be at least partially antiscorbutic, of which there* is no 
evidence. (F. do C.) 

t 'Ihe lime-juice used in the Arctic Expedition, 1875-76, gave on analysis 27 grains of citric 
per ounce as issued, that is, after being fortified with about 15 per cent, of proof spirit. Before 
fortifying it conbiined 32 grains. (See analyses by Professor Attfield and Mr Bell Report of 
Committee on Scurvy, pages xliii. and li.). Sampler analysed at Netley showed a specific CTavitv 
of 1023 as issued, and 1035 *7 after driving off the alcohol ; the extract was about 8Ji per cent 
The unfortified juice froze at 25® F., the fortified remained liquid down to 15° F. "Prolonged 
freezing at a temperature of nearly 0® F. produced no change in the character or amount of the 
constituents. 
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will give the acidity of 1 C.C. of the undiluted juice. If the number of C.C. 
used for the diluted juice is multiplied by 2’8 it gives the acidity in grains per 
ounce. 

4. Test for adulteration, viz. — 

(a) TaHaric Acid, — ^Dilute and filter, if the lime juice be turbid ; add a 
little solution of acetate of potash ; stir well, without touching the sides of the 
glass, and leave for twenty-four hours ; if tartaric acid be present the bitartrate 
of potash will fall. 

(?>) Sidjthuric Add. — ^Add barium chloride after filtration, if necessary ; if 
any j)recij3itate falls, add a little water and a few drops of dilute hydrochloric 
acid to dissolve the barium citrate, which sometimes causes a turbidity. 

{c) Hydrochloric Add, — Test with silvor nitrate and a few drops of dilute 
nitric acid. 

(d) Nitric Add, — This is an uncommon adulteration ; the iron or brucine 
test can be used, as in the case of water. 

Factitious Leman Jmce, 

It is not easy to distinguish well-made factitious lemon juice ; about 552 
grains of crystallised citric acid are dissolved in a wine pint of water, which is 
flavoured with essence of lemon dissolved in spirits. Tliis corresj^onds 
to about 19 or 20 grains of dry citric acid per ounce. The flavour is not, how- 
ever, like that of the real juice, and the taste is sharper. Evaporation detects 
the falsification. 

Use of Lemon Juice, 

In military transports, the daily issue of one ounce of lemon juice per head 
is commenced v^hen the trooj)s have been ten days at sea, and by the 
Merchant Shipping Act (1867) the same rule is ordeiexl, except when the sliip 
is in harbour, and fresh vegetables can be procured. It is mixed with sugar.* 

If dried vegetables Ciin be procured, half the amount of juice will perliaps 
do. 

In campaigns, when vegetables are deficient, tlie same rules should be 
enforced. On inany foreign stations, where dysentery takes a scorbutic type 
(as formerly in Jamaica, and even of late years in China), lemon juice should 
be regularly issued. 

Substitutes for Lemon Juim. 

Citric acid is the best, or citrate of potash ; then perhaps vinegar, though 
this is inferior, and lowest of all is nitrate of potash.! The tartrates, lactates. 


* My friend, Mr Harry Loach, has kindly given me the following memorandum on the action 
of the Merchant Shipping Act : — This Act (commonly called the Duke of Richmond's Act) 
makes special provisions for the quantity and quality of lime juice and lemon juice supplied to 
the mercantile, marine, for the use of the crews of ships at sea. One ounce is furnished each 
day to every member of the crew after the ship has been at sea ten days, and directions are 
given in tjie authorised Ship Captain's Medical Guide that it is to be mixed with sugar and 
water before serving out, in the proportion of an ounce of juice to an ounce of sugar and about 
half a pint of water, which mixture is to be handed over to the crew every day between twelve 
and one o’clock, i.e,, at the ordinary dinner hour. Since this Act came into operation, it is 
ascertained, bjr the statistics of the Seamen's Hospital, that scurvy has diminished by more than 
70 per cent, in the merchant ships of this country, and that hence, even in the Seamen's 
Hospital, severe cases of this disease are comparatively rare. Tlie juice is examined, in the 
first instance, at the laboratory of the Inland Revenue as to specific gravity, amount of citric 
acid, and extractive matter, as well as absence of sul])huric or other cheap acids. It is then 
mixed in bond, under the direction of customs' officers, with 10 per cent, of rum, brandy, gin, 
whisky, or Hollands, and kept in bond until required for shipment. 

f On this point see Biy^son's paper in the Medical Times and Gazette, 1850. I may also 
refer to a review on scurvy, which I contributed to the British and Foreign Medical Chirur- 
gical Review,” in October 1848, for evidence on the point. 
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and acetates of the alkalies may all be-- used, but I am not aware of any good 
experiments on their relative anti-scorbutic powers. If milk is procurable, it 
imxy be allowed to become acid, and the acid then neutralised with an alkab*. 
The fresh juices of many plants, especially species of cacti, can be used, the 
plant being crushed and steeped in water ; and in case neither vegetables, 
lemon juice, nor any of the substitutes can be procured, we ought not to omit 
the tiial of such plants of this kind as may be obtainable, 



CHAPTER VIIL 
SOILS. 

TOPOGRAPHICAL REPORTS ASB CHOICE OF Slim 

The torm soil is used here in a large sense, to express aU the portion of the 
(jrusfc of the earth which by any property or condition can affect healtL The 
subdivision into surface soil and subsoil is often very useful; and these terms 
need no definition. 


SECTION I 

CONDITION OF SOIL AFFECTING HEALTH. 

Soil consists of mineral, vegetable, and often animal substances, in the 
interstices of which are also air and often water. 

Ill reviewing the conditions which affect health it wiU be convenient to 
commence with the air and the water in soils. 

• Sub-Sbotion L — ^Thb Air in the Soil. 

The hardest rocks alone are perfectly free from air ; the greater number 
oven of dense rocks, and all the softer rocks, and the loose soils covering them, 
contain air. The amount is in loose sands often 40 or 50 per cent. ; in soft 
sandstones, 20 to 40 per cent The loose soil turned up in agricultural opera- 
tions may contain as much as 2 to 10 times its own volume of air. 

The nature of the in. soils has not been perfectly determined; it is 
mostly very rich in carbonic acid, is very moist, and probably contains 
eflluvia and oi^anic substances, derived from the animal or vegetable 
constituents, but which have not been properly examined. Octwisionally it 
contains carburetted hydrogen, and in moist soils, when the water contains 
sulphates, a little sulphuretted hydrogen may bo found. It lias been recently 
examined by Nichols* in America, Fodorf in Buda-Pesth, and Lewis and 
Cunninghamt in Calcutta. Nichols made his experiments in the Back-bay 
lands of Boston, Massachusetts, land made by throwing gravel upon sea mud. 
His first series of experiments was upon air drawn from depths of 3| to 5 J 
feet. There was no sulphuretted hydrogen, and only a little ammonia ; the 
COg was from 1*49 to 2*26 volumes per 1000, and varied inversely as the 
height of the ground-water, which was very near the surface. This relation, 
however, was not constant at a depth of 6 to 10 feet. Fodor experimented 
on air at four stations frpm depths of 4, 2, and 1 metre. At the lowest depth 
the mean COg was 107*6 per 1000 ; at the depth of 1 metre it was as little 
as 3*7 in one station. The great amount of COg points to very intense 
chemical changes in the ground, especially in the deep strata, but at the same 


* 6th Report of the Board of Health, Massachusetts, 1875. 
t Deutsche Vierteljuhrschrift fUr offentlicbe Qesundheit. bd. vil. p. 205, 1875. 
$ The Boil in its relation to Disease, Calcutta, 1875. . 
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time it may be very variable in different places. The amount of oxygen was 
in a measure inversely as the CO 2 . At a depth of 4 metres (13 feet) the air 
would be irrcspirable, and would extinguish a light, as it contained 13‘86 
per cent, of COg and only 7 "46 of oxygen. (How many cellars go as deep as 
13 feet into the ground, and this cellar air feeds the house with air !) From 
the examination of the organic matter he comes to the conclusion that it is 
not its oxidation on the spot that produces the COo, and that therefore the 
latter cannot be taken as a measure of impurity, depending as it does to a 
large extent upon the permeahility of the soil.* He found no sulphuretted 
hydrogen, but a good deal of nitric acid and ammonia, the relative quantities 
depending upon free access of air or otherwise. As regards moisture, the 
mean pei*ccntage of humidity was 80*7 at 2 metres and 93*8 at 4. Lewis and 
Cunningham, in their observations at Calcutta, foimd results somewhat similar 
to those of Fodor, the COg being greatest at the lower strata examined. 

The amount of air in soils can bo roughly estimated, in the case of rather 
loose rocks, by seeing how much water a given bulk will absorb, which can 
be done by measuring the water, before and after the weighed or measured 
rock is inserted in it, or by weighing the rock after immersion. But a more 
exact plan is to weigh a piece of the rock when dry ; to thoroughly saturate 
it with water, and weigh again, so as to obtain the weight of the water it has 
taken up. The specific gravity of the rock having been previously determined 
ill the ordinary way, the calculation is — 

Weight of water taken up x 100, . 

Weight of dry rock -r specific gravity^ ^ 

When the soil is loose, Pettcnkofer adopts the following plan : — Dry the 
loose soil at 212'‘ Fahr., and powder it, but without crushing it vafj much ; 
put it into a burette, and tap it so as to expel the air from tlie interstices as 
far as possible ; comiect another burette by means of an clastic tube with the 
bottom of the fost burette and clamp it on ; pour water into o. 2 burette, and 
then, by pressing the chimp, allow the water to rise through the soil until a 
thin layer of water is seen above it ; then read off the amount of water thus 
gone out of the second burette. The calculation — 

Amount of water used x 100 ^ . . 

Cubic centimetres of dry soS “ ^ ^^^* • 

The Subterranean atmosphere thus existing in many loose soils and rocks is 
in continual movement, especially when the soils are dry ; the chief causes of 
movement are the diurnal changes of j heat in the soil, and the fall of rain, 
which must rapidly displace the air from the superficial layers, and at a later 
date, by raising the level of the ground water, will slowly throw out large 
♦piantities of air from the soil. Fodor considers the temperature of the air, the 
ground temperature, the action of the winds, rainfaU, barometric pressure, and 
level of ground water to be all influential in causing movement of the ground 
air and consequent relative change in its constituents. As far as the COo 
was concerned, Lewis and Cunningham found that the air temperature and 
wind were both inoperative, whilst the moisture had the greatest influence on 
the upper strata, and the ground-water on the lower 

Loci conditions must also influence the movement; a house artificially 
warmed must continually be fed with air from the ground below, and doubt- 
less this air may be drawn from great depths. Coal gas escaping from pipes, 
and prevented from exuding by frozen earth on the surface, has been known 

* Fodor attempts to distinguish (but hardly successfully) between porosity and permeability. 
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to pass sideways for some distance into houses. The air of cesspools and of 
porous or broken drains will thus pass into houses, and the examination of 
drains alone often fails to detect the cause of effluvia in the house. 

The imhealthiness of houses built on ‘‘made soils," for some time after the 
soils are laid down, is no doubt to be attributed to the constant ascent of im- 
pure air from the impure soil into the wann houses above. 

To hinder the ascent of air from below into a house is therefore a sanitary 
point of importance, and should be accomplished by piving and concreting the 
basement, or, in some cases, by niising the house on arches off the ground. 
The improvement of the health of towns, after they are well i)aved, may 
partly be owing to lessening of effluvia, though partly also to the greater ease 
of removing surface impurities. In some inahirious districts great benefit has 
been obtained by covering the ground with grass, and thus liindering the 
ascent of the miasm. 

As a rule, it is considered that loose porous soils are healthy, because they 
are dry, and, with the qualification that the soil shall not fumisli noxious 
effluvia from animal or vegetable impregnation, the rule aj)pears to bo corrcict. 
It is, however, undoubted that dry and apparently tolerably pure soils are 
sometimes malarious, and this arises either from the soils being nifilly impure, 
or from their porosity allowing the transference of air from considerable dis- 
tances. Even on the purest soils it is desirable to observe the rule of cutting 
off the subsoil air from ascent into houses. 

The diseases which have been attributed to telluric effluvia are — 


Ihlious remittent fev(jr. 
Cholera. 

Dysentery. 

The questions connected mth these effluvia will be noticed farther oin 


Paroxysmal fevers. 
Enteric (typhoid) fever. 
Yellow fever. 


The Water in the Sorn, 

The water prestmt in soils is divided into moisture and grmuid water. 
When air as well as water is present in the interstices, the soil is menily moist. 
The groiuid water must be defined, with Pettenkofer, as that condition in 
wliich all the interstices are filled with water, so that, except in so far as its 
pjirticles are separated by solid portions of soil, there is a continuous sheet of 
water. Other definitions of ground water have been given, but it is in this 
sense it is si)okon of here. 

Moisture of Soil , — The amount of moisture depends on the i)ower of the 
soil to absorb and retain water, and on the supply of water to tlie soil either 
from rain or ground water. With respect to the first point, almost all soils 
will take up water. Pfaff* has shown that dried (piartz sand on a filter can 
take up as much as 20 per cent, of water, and though in the natural condition 
in the soil the absorption would not be so great, there is no doubt that even 
the hardest sands retain much moisture. After several months of long con- 
tinued drought, Mr Cliurch found a light calcareous clay loam subsoil to con- 
tain from 19 to 28 per cent, of water. 

A loose sand may hold 2 gallons of water in a cubic foot, and ordinary 
sandstone may hold 1 gallon. Chalk takes 13 to 17 per cent. ; clay, if not 
veiy dense, 20 ; humus, as much as 40 to 60, and retains its strongly. The 
so-called “ cotton soil ” of Central India, which is derived from trap rock, ab- 
sorbs and retJiins water with great tenacity ; the driest granite and marbles 
will contain from *4 to 4 per cent of water, or about a pint in each cubic yard. 


* Zeitsch fiir Biologic, band iv. p. 249. 



330 


SOILS. 


The moisture in the soil is derived partly from rain to which no soil is 
absolutely impermeable, as even granite, clay slate, and hard limestone may 
absorb a little. Practically, however, soils may be divided into the 
impermeable (unweathered granite, trap and metamorphic rocks, clay slate, 
dense clays, hard oolite, hard limestone and dolomite, &c.) and permeable 
(chalk, sand, sandstones, vegetable soils, &c.) The amount of rain passing into 
a soil is influenced, however, by other circumstances — ^by the declivity and 
inclination of the soil ; by the amount of evaj)oration, which is increased in 
summer ; by hot winds ; and by the rapidity of the fall of rain which may be 
greater than the sod can absorb. On an average, in this country, about 25 
per cent, of the rain penetrates into the sand rocks, 42 per cent, into the 
chalk, and from 60 to 96 per cent, into the loose sands. The rest evaporates 
or nins off tlie surface by the lines of natural drainage. The rapidity with 
which the lain water sinks through soil evidently varies with circumstances ; 
in the rather dense chalks it has been supposed to move three feet downwards 
every year, but in the sand its movement must be much quicker. 

The moisture of the sod is not, however, derived solely from the rain ; the 
ground water by its own movement of rising and falling, and evaporation from 
the surface of the subterranean water-sheet, and capdlary attraction, makes the 
upper layers of the sod wet. By these sevenil agencies the ground near the 
surface is in most parts of the world kept more or less damp. 

Detemtination of MoiMiire in the Soil. — By drying 10 grammes at a tem- 
perature of 220® Fahr., then weighing, exposing to air, and observing the in- 
crease of weight, an idea is formed of the amount of moisture, and of the hygro- 
metric properties of the sod. If the dried soil is put over water under a bed 
jar, it will bo exposed to air satumted with moisture, or by observing the dry 
and w'et bulb thermometers, the humidity of the air at the time can be 
noted. 

I'ke Ground or Subsoil Walfir, — The subterranean sheet of water is at very 
different depths below the surface in different soils ; sometimes it is only 2 or 
3 feet from the surface, in other cases as many hundreds. ^J'his depends on 
the compactness or permeabdity of the soil, the ease or difficulty of outflow, 
and the existence or not of an impermeable stratum near or far from the 
surface. The imderground sheet of water is not necessardy horizontal, and 
in some places it may be brought nearer to the surface than others by 
peculiarities of ground. The water is in constant movement, in most cases 
flowing towards the nearest water courses* or the sea ; the rate of movement 
has not yet been perfectly determined. In Munich, Pettenkofer reckons its 
rate as 15 feet daily; the high water in the Elbe moves the ground water in 
the vicinity at the rate of about 7 or 8 feet daily. 

The rate of movement is not influenced solely by comjmctness or porosity 
of sod, or inclination. The roots of trees exert a great influence in lessening 
the flow ; and, on the other hand, water runs off more rapidly than before in 
a district cleared of trees. The level of the ground water is constantly 


* In confirmation of this it has been shown by Virchow (Beiniguug und Entwiisserung 
Berlins, 1873) that the well water near the Spree is higher (in one case 5 feet) than the river ; 
the ground water is not derived from the river, but tiows towards it (p. 31), and is influenced 

by it only as it finds a ready or obstructed entrance on account of the varying amount of water 
in the Bpree. Tlie height of the Spree, therefore, cannot give a correct measure of the height 
of water in the neighlwurin^ wells, though the ^ound water is influenced by the river allow- 
ing it to run off or holding it back. The movement of the ground water appears to be ex- 
tremely slight in Berlin ; m fact in some parts it is almost stagnant. There are two soils at 
Berlin, alluvial and diluvial, which fumii^ ground water of different composition ; Virchow, 
therefore, terms the water of the diluvial or lower stratum the ** underground water ” (Unter- 
gnindwassor), but this term does not appear a very good one. 
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changing. It rises or falls more or less rapidly and at different rates in 
different places ; in some cases its movement is only a few inches either way, 
hut in most cases the limits between its highest and lowest levels in the year 
are several feet (in Munich about 10). In India the changes are greater. At 
Saugor, in Central India, the extremes of the soil water are from a few inches 
from surface (in the rains) to 17 feet in May. At Jubbulporo it is from 2 
feet from surface to 12 or 15. 

The causes of change in the level of the ground water are the rainfall, 
pressure of water from rivers or the sea, and alterations in outfall, either 
increased obstruction or thOj reverse. The effect of the rainfalljis sometimes 
only traceable weeks or even months after the fall, and occasionally, as in 
plains at the foot of hills, the level of the ground water may be raised by 
rainfalls occurring at great distances. The pressure of the water in the Khine 
has been shown to affect the water in a well 1670 feet away.* 

Diseases connected with Moisture and Ground Water , — Dampness of soil 
may presumably affect health in two ways — li**^, By the effect of the water, 
per scy causing a cold soil, a misty air, and a tendency in persons living on 
such a soil to catarrhs and rheumatism ; and, 2d, By aiding the evolution of 
organic emanations. Tlie decomposition which goes on in a soil is owing to 
four factors, viz., presence of decomposable organic matters (animal or veget- 
able), heat, air, and moisture. These emanations are at present known only 
by their effects ; they may be mere chemical agencies, but more probably they 
are low forms of life wliich grow and propagate in these (ionditions. At any 
rate, moisture appears to be an essential element in their productidii. The 
ground water is presumed to affect health by rendering the soil above it 
moist, ekher by evaporation or capillary attraction, or by alternate wettings 
and dryings. 

A moist soil is cold, and is generally believed to predi 82 )ose to rheumatism, 
catarrh, and neuralgia. It is a matter of general experience, tliat most persons 
feel healthier on a dry soil. 

In some way wliich is not clear, a moist soil produces an unfavourable effect 
on the lungs ; at least in a number of English towns, which have been 
sewered, and in which the ground has been rendered much drier, Buchanan 
has shown that there has been a diminution in the number of deaths fi*om 
“ phthisis.'’! Bowditch of Boston (U.S.), and Dr Middleton of Salisbury, 
noticed the same fact some years ago. Buchanan’s evidence is very strong as 
to the fact of the connection, but the nature of the link between the two con- 
ditions of drying of soil and lessening of certain pulmonary diseases is 
unknown. It is curious how counter the observation runs to the old and 
erroneous view, that in malarious (and therefore wet) places there is less 
phthisis. 

A moist soU influences greatly the development of the agent, whatever it 
may be, which causes the paroxysmal fevers. The factors which must be 
present to produce this agent are heat of soil (which must reach a certain 
point = isotherm of 66"* F^. of summer air temperature), air, moisture, and 
some impurity of soil, which in all probability is of vegetable nature. The 
rise and fall of the ground water by supplying the requisite degree of 


* In a place near the Hamble River (Hanmshire) I found the tide affecting the water of a 
well at a distance of 2240 feet ; the weU itself beins 83 feet deep and 140 feet al^ve mean- water 
level. (P. de C.) “ Lectures on State Medicine/'^ Smith and Mder. p. 91, 1875. 

+ Buchanan, Ninth and Tenth Reports of the Medical Officer to fiie Mvy Council, 1866, 
p. 48, and 186/, p. 57. As the tem ** phthisis is a ^neral one, and includes all the fatal 
diseases of the rungs, with destruction of lung- tissue (tuberculous and inflammatory) , as welt 
as other cases of wasting, with pulmonary symptoms, it would be weU to translate the word 
phthisis ’* by the phrase wasting diseases of the lungs,*’ 
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moisture, or, on the contraary, hy making soil too moist or too dry, evidently 
plays a lai^e part in producing or controlling periodical outbreaks of 
parox^mal fevers in the so-called mahuious countries. The development of 
malaria may he connected either with rise or with fall of the ground water. 
An impeded outflow which raises the level of the ground water has, in 
malarious soils, been productive of immense spread of paroxysmal fevers. In 
the making of tlie Ganges and Jumna Canals, the outflow of a large tract of 
country was impeded, and the course and extent of the obstiuction was traced 
by Dempster and Taylor by the almost universal prevalence of paroxysmal 
fevers and enlarged spleens in the inhabitants along the banks.* The severe 
and fatal fever which has prevailed in llurdwan, in Lower Bengal, for the last 
ten years, appears to be in part owing to the obstruction to the natural 
drainage from mills and from blockage of water courses, f In some cases 
relative obstruction comes into jday ; t.e., an outfall sufficient for compara- 
tively dry weather is quite inadequate for the rainy season, and the ground 
water rises. At Pola, in Istria, for example, there are no marshes, but in the 
summer sometimes half, sometimes 90 per cent, of all cases are malarious ; the 
reason is, that a dense clay litjs a little below an alluvial soil, and the only 
exit for the rain is through two valley-troughs, which cannot carry off the 
water fast enough in the wet season, f from February to May. 

A remarkable instance of excessive rainfiiU, causing an outbreak of malarial 
disease, occurred at Kumichec, in Scinde, in 1869. The average annual 
rainfall in Scinde in 11 years (1856-66) was only 6’75 inches ; and 
the greatest rainfall in that time was 13*9 inches (1863). In 1867 the rain- 
fall W'^as 2*73 ^ in 1868 it was 3*36 inches ; while in 1869 it reached the un- 
precedented amount of 28*45 inches, of wMch 13*18 fell in July, and 8*39 
inchtjs in Sepkmiber. April, May, October, November, and December were 
rainless. The 1st Batt. 21st Eegiment had the following attacks of 
paroxysmal fever per 1000 of strength In April, none ; in May, 9 ; in 
June, 39 ; in July, 30 ; in August, 93 ; September, 105 ; in October, 198 ; 
in November, 1004 ; and in Deceml)cr, 644. In December the regiment was 
embarked for Madras, as it had “ thoroughly lost heart.” The disetise was 
not fatal, as the death rate for the year, from aU causes, was only 25*7 i)er 
1000. At KuiTachee, as the rainfall is usually so small, the ground dries fast, 
and is then non-malarious. The ground is flat, and there is no subsoil drain- 
age, In 1866, when there was heavy rainfall (13*75 inches), there was also 
a development of malarial disease, which was continued in 1867. 

The opj)osite result, viz., an increased outflow lowering the subsoil water, 
has been observed in drainage operations, and very malarious places have been 
rendered quite healthy by this measure, as in Lincolnshire, and many parts 
of England. The case of lloufaric, in Algeria, is a good instance ; successive 
races of soldiers and colonists had died off, and the station had the worst re- 
putation. Deep diainage was resorted to, the level of the groimd water was 
lowered less than 2 feet. This measure, and a better supply of drinking- 
water, have reduced the mortality to one-third. 

* Tlie oljservations of Dempster and Taylor on the Jumna Canal have been lately confirmed 
by Ferguson (Sanitary Administration of the Ptmjab for 1871, Appendix IV.), who has inves- 
tigated the effect on malarions disease on the Bari DoAb Canal district; he found canal irriga- 
tion Increased malarious fever, and apparently by raising the soil-water levels. 

f Dr Derby (3d Report of the State Board of Health of Massachusetts, Boston, 1872) points 
out how ague has l>een produced by obstructions to out-flow, such as ride-mills, &c. So long 
ago as 1828, authority to remove a dam was obtained on account of injury to health. See also 
case recorded by Dr OatteU in Natal, Army Medical Beports, vol. xiii. 1871. P. 178, produced by 
natural causes. j j 

t Dr Jilek, in Archiv. der Heilk, 1870, p. 49a 
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A case mentioned by Pettenkofer* * * § is also very striking as to the effect of 
subsoil drainage on some kind of fever in horses. Two royal stables near 
Munich, with the same arrangements as to stalls, food, and attendance, and 
the same class of horses, suffered very unequally from fever ; horses sent from 
the unhealthy to the healthy stables did not communicate the disease. The 
difference between the two places was, that in the healthy stables the ground 
water was 5 to 6 feet, in the unhealthy only 2 ^ feet from the surface. Drain- 
ing the latter stables, and reducing the ground water to the same height, matie 
these stables as healthy as the others. 

Typhoid (enteric) fever has also been supposed to be connected with changes 
in moisture of the soil, owing to rising and falling of the ground water. 
Professor Pettenkofer’s observations on the wells of Munich led Buhl to the 
discovery that in that city there is a very close relation between the height of the 
ground water and the fatal cases of typhoid ;t the outbreaks of typhoid fever 
occumid when the ground water was lowest, and especially when, after having 
risen to an unusual height, it had rapidly fallen. Pettenkofer has repeated 
and extended the inquiry with the same results. The point has been also 
numerically investigated by Seidel J: in Munich and Leipzig for the years 
1856-64 and 1865-73, and from a mathematical consideration of the numbers 
he concludes that, according to the theory of probabilities, it is 36,000 to 1 
that there is, in each period, a connection between the tAvo occurrences. § 
Other observations in Germany are confii*matory,||but in this countiy the con- 
nection has not been traced. In some outbreaks of enteric fever, tlh3 ground 
water has been rising and not falling ; and in other instances the attacks have 
been traced to impure drinking-water or milk, to sewer emanations, or to 
personal contagion, and the agency of the ground water has appeared to be 
quite ne^tivo. Dr Euchananll has quoted a case, in which the sinking of 
the ground water and the outbreak of fever were coincident, and yet the con- 
nection was, so to speak, accidental, for the efficient cause of the outbreak was 
the poisoning of the drinking water with typhoid evacuations. And he also 
points out that when the ground water has actually been lowered in certain 
English towns by drainage operations, typhoid fever has not increased as it 
should do, according to theory, but has diminished, owing to the intro- 
ducition of pure water from a distance. He thus thinks that, while a coiihec- 
tion between the prevalence of typhoid fever and sinking of the ground water 
must be admitted to exist, it is indirect, and the true cause of the fever is 


* Quoted by Kirchner, Lehrb. der Mil-Hygieno, 1869, pp. 217, 218. 

^ + Zeitsebrif't fiir Biologie, band i, p. 1. 

J Zeitsch. fiir Biologie, band i. p. 2*21, and band ii. p. 145. 

§ Ranke, however, points out that no tyjjhoid exists in the neighbourhood of Munich, but what 
is imported from Munich, althougli soil and ground water are the same. Munich has a soil con- 
sisting of fine sand, with a peculiar power of holding nitrogenous substances ; it is provided 
with cess-pools, from which more than 90 x>or cent, of the contents soak into the surrounding 
soil, and, as the streets are well paved, the houses are the only outlets for the foul soil -air. 

Virchow, in his Report on the Sewerage of Berlin, shows that the mortality is greatest in 
July and August, the curve corresponding accurately with the variation of the ground water, 
the death-rate being greatest at the lowest level ; this is chiefly due to deaths under one year. 
At tlie lowest level there is every year a little epidemic of typhoid. At Zurich in 1872 the 
results were directly opposed to Pettenkofer's views (See Lectures on State Medicine, p. 101) 
Oeissler considers the influence of the rise and fall of the {pound water a local matter, and 
agrees with Rudolph Rath in attributing the typhoid of Berlin to contaminated water. The 
case of water transmission (which he quotes from llagler) in the village of Lausen is a voiy 
conclusive one. (Schmidt’s Jahrbiich. 1874, No. 2, 185 ; also Archiv fiir Klin. Medicin, 1873, 
p. 237 ; see also an abstract in the R^ort on Hygiene, Army Med. Reports, vol. xv. p. 197). 

Vo^ of Bern (Trinkwasser oder Bodongase) strongly supports Pettenkofer’s views, and 
considers the propagation by drinking-water as illusoiy. 

i| Buxbanra, Der Typhus in der Kaseme zu Neustift ; Zeitsch. fiir Biologie, band vi. p. 1. 
This seems strong evidence in favour of Pettenkofer’s view. 

IT Medical Times and Gazette, March 1870. 
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impurity of the drinking-water. Pettenkofer has replied to this view,* and 
denies, from actual analysis, the fact of the contamination of the drinking- 
water in typhoid outbreaks. 

At the present moment the observations of Pettenkofer, and the case of the 
barracks at Neustift, recorded by Buxbaum, are certainly in favour of the 
opinion that a direct connection may exist in some cases between the sinking 
of the ground water and outbreaks of typhoid ; but the frequency and extent 
of the connection remains to be determined, and in this country, at any rate, 
the other conditions of spread of typhoid appear to be far more common. 

Assuming the truth of the connection, the other conditions which 
Pettenkofer considers necessary, besides a rapid sinking of ground water after 
an unusuiil rise, are impurity of the soil from animal impregnation, heat of 
soil, and the entrance of a specific germ.t 

A very similar view is held by Pettenkofer in respect of cholera, and ho 
has advanced many striking arguments! to show that while sporadic cases of 
cholera may occur, that there will he no wide-spread epidemic, unless certain 
conditions of soil are present, viz., an impure porous soil, which has recently 
be(ui rtmdered moist by a rise of ground water, and then hjis been penetrated 
by air during the fall of ground water, and into which the specific germ 
(Keim) of cholera has found its way. As in the c^se of typhoid fev(U, 
Pothiukofer formerly denied that cholera could be produced by impure drink- 
ing-water, but at the Sanitary Conference at Vienna in 1874 he admitted the 
occasional propagation in tliis way.§ 

In Germany Petteiikofer’s views on the spread of cholera have not met with 
universal acceptance, j| though there are several instances in support. In India 
the weight of the evidence is at present against Pcjtteiikohsr's views but as 
investigations are now going on wliicli mil in a few years settle the point, it 
is desirable at present to refrain from forming a decided opinion, excej^t in so 
far that we may fcjel sure tliat the singularly localised outbreaks which some- 
times occur in India are (luite unconnected with any subsoil-water variations. 

In the report of MM. Lewis and Cunningham {op. cit.) it is shown that the 
cholera at Calcutta in 1873~4 followed the curve of the ground- water level 
inversely, exactly in accordance with Pettenkofer's views. 

Dysentery and the so-called bilious remittent fevers, which occur in foul 
camps and on ground largely contaminated by animal impurities, may be con- 
jectured to be also influenced by variations in the ground water, but satis- 
factory evidence has not yet been given. In the Calcutta Keport, above cited, 
the maximum of fever corresponded with the maximum of COg in the soil 
atmosphere, and with the highest ground-water level Dysentery, on the 


* Ibid., June 1870; and Vierteljahrschrift fur ofTentliche. Gesundsheitspflege, 1870, band 
ii, pp. 176, 197. 

+ Vierteljahrschrift fur oflfentl. Ges., band ii. p. 181. 

J Among his many essays, I would especially refer to his Analysis of the Reasons of the 
Immunity of Lyons from Cholera. (Zeitsch. fur Biol,, band iv. p. 400). 

§ It is, of course, to bo understood that the impurity which aids in producing cholera is 
derived from persons iU with the disease. For a discussion on Pettenkofer’s views on this 
point, I be|;^toTCfer to my Report on Hygiene for 1872, in the Army Med. Department Report, 

I) A cai*etul analysis of this subject is contained in F. Kiichenmeister's work (Verbreitung 
1872), and the work by F. Sander (Unters. fiber die Cholera, 1872). Dr Frank 
(h^th officCT of Munichl, believes that the cholera in 1873-4, was imported from Vienna, and 
poin^ out that m 1873 the ground water and death-rate were not in accordance with Petten- 
kofer^ theory. ^ (See Report on Hygiene, Army Med. Report, vol. xv. p. 208). 

if Townsend s Import's on the Cholera in Central India contain so many cases where ground 
• 1 influence, that it appears impo8!iible to accept Pettenkoferis wieory. 

In Cornish s Report for 1871 are some good observations on subsoil water, which if carried 
out in the same way for a few years wiU decide this question. 
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otlier liand, showed two mn-iriTna^ one at the rise of the water-level, the 
other at the corresponding point of the falL 

Meamrement of the Ormind Water. — ^The height at which water stands in 
wells is considered to give the best indication of the height of the ground 
water. Professor Pettenkofer uses a rod on which are fixed a number of little 
cups, and when let down into the well and drawn up again, the uppennost 
cup, which contains water, marks, of course, the height of the water ; the 
length of the cord or rod used for letting down the cups being known, the 
changing level of the well can be estimated to within half an inch. Some 
precautions are necessary in making these observations ; if a rope is used, it 
may stretch with use or in wot weather, or contract in a dry hot wind, and 
thereby make the observation incorrect ; local conditions of wells, proximity 
to rivers, &c., must be learnt, else what may be termed local alterations in a 
well may be wrongly supposed to mean changes in the general level of the 
ground water. It is necessary, therefore, to make the observations simul- 
taneously in many wcUs and over a considerable district. The observations 
should be made not less often than once a fortnight, and oftener if possible, 
and be carried on for a considerable time before any conclusions ai*e dr*wn,* 

Method of rendering Soil Dner. — There arc two plans of doing this, — dec'p 
drainage and opening the outflow. The laying down of S(3Wors often (;.‘u*ries 
off water by leaving spaces along the course of the sewers ; in some cases 
special drains for ground water have been laid by the side of the sewers, and 
in very wet soils this seems a good measure. Deep soil drainage (tlu> drains 
being from 8 to 12 feet deep and 10 to 20 feet apart) is useful in all soils 
except the most imi^elmeable, and in the tropics sliould bo earned out even on 
what are apparently dry sandy plains. 

In sonfb cases soil may be i*cnder(}d drier by opening the outflow. This is 
an engineering problem which physicians can only suggest. The clearing of 
water-courses, removal of obstructions, and formation of fresh channeLs, aii^ 
iiieasurivs which may have an effect over very large areas which could not bo 
reached by ordimiry drainage. 

Sub-Section II. 

Solid Constituents op the Soil. 

There are certain general features which can be conveniently considered first. 

1. Conformation and Elemtion. — ^Ilie relative amounts of hill and plain ; 
the elevation of the hills ; their direction ; the angle of slope ; the kind, size, 
and depth of Viilleys ; the cliief water-sheds, and the direction and discharge 
of the water-courses ; the amount of fall of plains, are the chief points to be 
considered. 

Among hiUs, the unhealthy spots are inclosed valleys, punch-bowls, any 
spot where the air must stagnate ; ravines, or places at the head or entrance 
of ravines. 

In the tropics, especially, ravines and nullahs are to be avoided, as they are 
often filled with decaying vegetation, and currents of air frequently traverse 
them. During the heat of the day the cun’ent of air is up the ravine ; at 
night down it. As the hills cool more rapidly than the surroimding plains, 
the latter current is especially dangerous, as the air is at once impure and cold. 
The worst ravine is a long narrow vaUey, contracted at its outlet, so as to dam 
up the water behind it. A saddleback is usually healthy, if not too much 
exposed ; so are positions near the top of a slope. One of the most difficult 

* Pettenkofer also uses a large float which w siupeuded by a chain travelling over a pulley ; 
this supports an indicator at its other end, which marks the height on a fixed scale. 
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points to (lotermine in hilly regions is the probable direction of winds ; they 
are often <letlocted from their course, or the rapid cooling of the hills at night 
produces alteration. 

On plaihs the most dangerous points are generally at the foot of hills, 
especially in the tropics, where the water, stored up in the hills, and flowing 
to the plain, causes an exuberant vegetation at the border of the hills. 

A plain at the foot of hiUs may be healthy, if a deep ravine cuts off com- 
pletely the drainage of the hill behind it. 

The next most dangerous spots are depressions below the level of the plain, 
and into which therefore there is drainage. Even gravelly soils may be damp 
from this cause, the water rising rjipidly through the loose soil from the 
pressure of higher levels. 

Elevation acts chiefly by its effect in lessening the pressure of the air, and in 
increasing the rapidity of evaporation (see Climate). It has a powerful effect 
on marshes ; high elevations lessening the amount of malaria, partly from the 
rapid evaporation, partly from the greater production of cold at night. Yet, 
malarious marshes may occur at gi’eat elevations, even 6000 feet (Erzeroum 
and Mexico). 

2. Vegetation , — The effect of vegetation on ground is very important. In 
cold climates the sun's rays are obstructed, and evaporation from the ground 
is slow ; the ground is theniforo cold and moist, and tlie removal of wood 
rend(irs the climate milder and drier. Tlio extent to which tnies impede the 
passage of water through the soil is considerable. 

In hot countries vegetation shades the ground, and makes it cooler. The 
evaporation from the surface is lessened ; but the evaporation from the vege- 
tation is so great as to produce a i)ereeptible lowering effect on the temperature 
of a place. Pettenkofer has lately calculated that an oak tree vmich had 
751,592 leaves, had during the summer months (May--Octol)er) an evaporation 
equal to 539*1 centimetres ( = 212 inches), while the rainfall was only 65 
centimetres ( = 25*6 inches) ; so that the evaporation was 8J times the rain- 
fall : this shows how much water wtis abstracted from the soil, and how the 
air must have been moistened and cooled.* 

Tlie hottest and driest places in the tropics are those divested of tribes, f 

Vegetation produces also a great effect on the movement of air. Its velocity 
is cliecked ; and sometimes in thick clusters of trees or underwood the air is 
almost sbignant. If moist and decaying vegetation be a coincident condition 
of such stagnation, the most fatal forms of malarii)us disetise are produced. 

Y(3getation may thus do harm by obstructing the movement of air ; on the 
other hand, it may guard from cun*ents of impure air. The protective influ- 
ence of a belt of trees against malaiia Ls most striking. 

In a hygitmic point of view, vegehition must be divided into h(3rbage, brush- 
wood, and trees ; and these should be severally commented on in i*ei)orts. 

Herbage is always healthy. In the tropics it cools the ground, both by ob- 
structing the sun s rays, and by aiding evai)OKitioh ; and notliing is more 
desirable than to cover, if it bo possible, the hot sandy plains of the tropics 
with close-cut grass. 

* Recent observations in Algeria (Gimbert), show that the Eucalyptus glol/ulm absorbs and 
evaporates 12 times the rain-faU ; extremely malarious places being rendered healthy in this 
way in four or live yew’s. 

t It has been proposed (by Mr. Milne Home) to plant trees at Malta, with the view of 
improving ami regulating the water-8um)ly. 

Mr Robert L. Stevenson has considered the thermal influence of forests, in a paper in the 
Pj^bceedinga of the Royal Society of Edinburgh, (19th May 1873). Singletrees act as had 
conductors ; the air of forests is generally cooler than free air, and certainly cooler than 
cleared lands ; forests heat the air during the day and chill it at night. 
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Brushwood is frequently bad, Rnd should often be removed. There is, how- 
ever, evidence that the removal of brushwood from a marsh has increased the 
evolution of malaria, and that, like trees, brushwood may sometime)^ offer ob- 
struction to the passage of malaria. It must also be remembered that its re- 
moval will sometimes, on account of the disturbance of the ground, increase 
malarious disease for the time ; and therefore, in the case of a temporary camp 
in a hot malarious country, it is often desirable to avoid disturbing it. When 
removed, the work should bo carried on in the heat of the day, ^.e., not in the 
early morning, or in the evening. 

Trees should be removed with judgment. In cold countries they shelter 
from cold winds ; in hot, they cool the ground ; in both, they may protcjct 
from malarious currents. A decided and j)ernicious interference with the 
movement of air should be almost the only reason for removing them. In 
some of the hottest countries of the world, as in Southern Bunnah, the in- 
liabitants place their houses under the trees with the best effects ; and it was 
a rule with the Romans to encamp their men under tn^es in all hot countries. 

The kind of vegetation, except as being indicative of a damp or dry soil, 
does not appear to be of importance. 

Absorption of Heat . — The heat of the sun is absorbed in dilfeiunt amounts 
by different soils (i(][ua]ly shielded or unshielded by vegetation. The colour 
of the soil and its aggregation seem chiefly to determine it. The dark, loose, 
incoherent sands are tlui hottest ; even in temperate climates Arago found tlie 
temperature of sand on the sinface to be 122“ Fahr., and at the Cape of Good 
Hope Herschel observed it to be no less than 159“.* The heating power of 
the sun^s rays is indeed excessive. In India, the thermometer placed on the 
ground and exposed to the sun will mark 160“ (Buist), wliile 2 feet from the 
giound it will only mark 120“. Buist tliinks that if protected fiom currents 
of air it would mark 212“ when placed on the ground. The absorbing and 
radiating powers of soil are not necessarily equal, thougli they may be so. 
Generally tlie radiating power is more rajnd than the absorbing ; soils (jool 
more rapidly than they heat. Some of the marshes in Mexico cool so rajjidly 
at night that the evolution of malaria is stoj)])ed, and tlie marsh is 
not dangerous during the night. A thermometer marked 32“ Fahr. on the 
ground, while 16 feet above the ground it marked 50“ Fahr. (Jourdanet). 

In Calcutta, Lewis and Cunningham {op. cit.) found that the tempeKituri*. 
of the soil varied with the season. In hot weather the theimonieter stood 
highest in the air, next highest in the upper stratum of the soil, and lowest 
in the lower stratum. In cold weather the conditions were exactly reversed, 
the air being coolest and the lowest stratum of soil the hottest. During rain, 
however, these relations were not constant. 

With regard to absorbing power, the following table by Schiibler contains 
the only good experiments at jiresent known : — 


Power of retaming hmt ; 100 being assumed as the standard. 


Sand with some lime, 

100 

Clayey earth. 

68-4 

Pure sand, 

95-6 

Pure clay. 

60-7 

Light clay, . 

76-9 

Fine chalk. 

61-8 

Gypsum, 

73-2 

Humus, .... 

49 

Heavy cla}*^, . 

71-11 




The great absorbing power of the sands is thus evident, and the compara- 
tive coldness of the clays and humus. Herbage lessens greatly the absorbing 
power of the soil, and radiation is moi*o rapid. On the Orinoco, a naked 


Meteorology, p. 4. 
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granite rock has been known to have a temperature of 118" Fahr., while an 
adjacent rock, covered with grass, had a temperature 32" lower. 

In cold countries, therefore, the clayey soils are cold, and as they are also 
damp, they favour the production of rheumatism and cataiThs ; the sands 
are, therefore, the healthiest soils in this respect. In hot countries the sands 
are objectionable from their heat, unless they can be covered with grass. 
They sometimes radiate heat slowly, and therefore the air is hot over them day 
and night. 

The sun’s rays cause two currents of heat in soil : one wave diurnal, the 
heat passing down in temperate climates to about 4 feet in depth during tha 
day, and receding during the night — ^the depth, however, varying with the 
nature of the soil, and with the season ; the other wave is annual, and in 
temperate climates the wave of summer heat reaches from 50 to 100 feet. 
The line of uniform yearly temperature is from 57 to 99 feet below the surface 
(Forlxis). 

Not only does the amount of radiation differ in different soils, but a change 
is produced in the heat by the kind of soil. The remarkable researches of 
TynihiU have shown, that the heat ratiiated from granite passes through acpieous 
vaj)our much more readily than the heat radiated by water (though the passage 
is much more obstructed than in dry air). In other words, the luminous hciat 
rays of the sun pass freely through aqueous vapours, and fall on water ami 
granite ; but the absoq)tiou produces a change in the heat, so that it issiuis 
again from water and granite changed in (piality ; it will be most important 
for physicians if other soils are found to produce analogous changes. 

With reganl to the effect of temperature of the soil on disease, it can hardly 
be doubted that it powerfully injluences malaria, and probably also aids the 
progress of cholera. 

Rafledion of Lujlit. — This is a matter of colour ; the white gkiring soils 
reflect light, and such soils are generally also hot, as the rays of heat are also 
1,’eflocted. The effect of glare on the eyes is obvious, and in the tropics this 
becomes a very important point. If a spot bare of vegetation, and with a 
white surface, must be used for habitations, some good result might ho obtaintid 
by colouring the houses jjalo blue or green. 

Chemical Composition of the Solid Parts of Soils. 

Veffdahlo Matters. — ^Almost all soils contain vegetable matter. It exists 
in three chief forms — deposits, vegetable debris, and encrustations. Deposits 
occur in tracts of land which have been covered by silt brought down by floods, 
or whiclx have been submerged by subsidence ; forests have been thus buried, 
and again elevfited. In the marshes of the 'luscau Marommo, and in many 
other ctises, the vegetable forms can be traced without difficulty to a consider- 
able depth, and the structure is even sometimes little changed, although so 
vast a period of time has elapsed. Vegetable debris produced by the decay 
of plants lies on, or is washed into, the soil, and in this way the ground may 
be peiuitrated to great depths. In some eases, especially in sandy plains at 
the foot of hills, the rain brings down very finely-divided debris, and is 
fil term'd as it })a8ses througli the soil, so that each particle of sand becomes 
coated over or encrusted with a film of vegetable matter. If such a plain be 
subjected to alternate wettings and dryings, and to heat, the conditions of 
develoi>menfc of malaria may be present in great intensity ; although there is 
not only no mamh, hut the sand is to all appearance dry and pure. 

Animal matters. — The remains of animals are found in all but the oldest 
I'ocks ; generally the animal constituents have disappeared, but it is remark- 
aide how in some cases, even in geological formations as old as the tertiary 
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strata, some animal matter may be found. On the surface there is perhaps 
no soil which does not contain some animal matters derived from dead aninials 
or excreta, although, except in special cases, the amount is small The soil 
of countries which have been long settled is, however, often highly impure in 
the neighbourhood of habitations from the refuse (animal and vegetable) 
which is thrown out. In some loose soils cess-pits used for fifty years have 
never been emptied, and are still not full, owing to soakage.* * * § Pettenkofer 
conjectures that in Munich 90 per cent, of the excretions pass into the ground. 
In clayey soil there is, of course, much less infiltration than in sandy, and 
often scarcely any. In India, the nitrification of vast tracts of land is for the 
most part oAving to the oxidation of animal refuse. 

A means of purification from animal impregnation has been, however, pro- 
vided by oxidation, and by the influence of growing vegetation. In all soils, 
except the hottest and driest, animal refuse passes into nitrates, nitrites, an(l 
ammonia and fatty hydrocarbons, rather rapidly, and these arc eagerly 
absorbed by vegetation. A means is therefore pointed out which may keep 
the soil clear from dangerous animal impregnations, and this is no doubt one 
reason why improvement in public health follows improved cultivation. It 
has become quite clear that in the plans for the disj> 08 al of the human and 
animal excreta of towns, whether by wet or dry methods, an essential part of 
the plan is to submit these excreta to the influence of growing plants as soon 
as possible. 

Mineral matters , — An immense number of mineral substances are scattered 
thi’ough the crust of the earth, but some few are in great pi*eponderance, viz., 
compounds of silicon, aluminium, calciiun, iron, carbon, chlorine, phosphorus, 
l)ohvs8ium,^nd sodium. 

In examining the constituents of the soil round any dwellings, the immediate 
local conditions are of more importance than the extended geological generalisa- 
tions ; it is, so to speak, the liouse and not the regional geology which is of 
use. 8 till the general geological conditions, as infiuoiicing conformation and 
the movement of water and air through and over the country, are of great 
importance. 

1. The Graniticy MetamorphiCy and Trap Rocks . — Sites on these formations 
are usually healthy ; tlie slope is great, water runs off i*eadily \ the air is com- 
paratively dry ; vegetation is not excessive ; marshes and madaria are compara- 
tively infre(|uent, and few impurities pass into the drinking water. 

When these rocks have been weathered and disintegrated, they are supposed 
to bo unhealthy. Such soil is absorbent of water ; and the disintegrated 
granite of Hong-Kong is said to be rapidly permeated by a fungus jf but 
evidence as to the effect of disintegiuted granite or trap is really wanting. 

In Brazil^ the syenite becomes coated with a dark substance, and looks like 
plumbago, and the Indians believe this gives rise to “ calentura,” or fevers. 
The dark granitoid or metamorphic. trap, or hornblendic rocks in Mysore, aiu 
also said to cause periodic fevers ; and iron hornblende especially was aflirnied 
by Dr Heyne of Madras to be dangerous in this respect. But the observa- 
tions of liichterg on similar rocks in Saxony, and the fact that stations on 
the lower spurs of the Himalayas on such rocks are quite healthy, negative 
Heyne's opinion. 

2. The Clay Slate . — These rocks precisely resemble the granite and 
granitoid formations in their effect on health. They have usually much 

* Gottisheim in Basle (Das unterirdische Basel, 186S)* 

*!• Ost Asiens von C. Fviedel, 1863. 

X M ‘Williams on Yellow Fever in Brazil, r. 7. 

§ Schmidt’s Jahrhilch. 1864, No. 5. p. 240. 
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slope ; are very impermeable ; vegetation is scanty ; and nothing is added to 
air or to drinking water. 

They are consocpiently healthy. Watar, however, is often scarce ; and, as 
in the granite distiicts, there are swollen brooks during rain, and dry water- 
couraes at other times swelling rapidly after rains. 

3. The Limedone and Magncdan lAmestone Rnchs . — These so far resemble 
the former, that there is a good deal of slope, and rapid passing off of water. 
Marshes, howevei*, are more common, and may exist at great heights. In that 
case the mai*sh is probably fed with water from some of the large cavities, 
which, in the course of ages, become hollowed out in the limestone rocks by 
the carbonic acid of the rain, and form reservoirs of water. 

The drinking water is hard, sparkling, and clear. Of the various kinds of 
limestone, the hiud oolite is the best, and mjigiiesian is the worst ; and it is 
desirable not to put stations on magnesian limestone if it can be avoided. 

4. The Chalk. — The chalk, when iinmixed with clay and ])erin(iable, forms 
a very healthy soil. The^ air is pure, and the water, though charged with 
carbonate of lime, is clear, sparkling, and jdeasant. Goitre is not nearly so 
common, nor apparently calculus, as in the limestone districts. 

If the chalk be marly, it becomes impermeable, and is then often damp and 
cold. The lower parts of the chalk, which are underlaid T>y gault clay, and 
whicli also reccuve the drainage of tlie ]>art8 above, are often very insdarious ; 
and in America, some of tbe most marsby districjts aio on tlie chalk. 

5. The Saufldonfjs . — The permeable sandstones are very healthy ; both soil 

and air are dry; the drinking water is, however, sometimes impure. If the? 
sand bti mixed with much clay, or if clay underlies a shallow sand-rock, the 
site is sometimes damp. » 

The hard millstone grit formations are very healthy, and their conditions 
resemble those of granite. 

6. Qraueh of any depth are always healthy, except when they are much 
below' the general surface, and water rivses through them. Gravel hillocks am 
the healthiest, of all sites, and the water, which often flows out in springs near 
the base, being held up by underlying clay, is very pure. 

7. Sands. — lliere are both healthy and unhealthy sands. The healthy am 
the pure sands, which contain no organic matter, and are of considerable 
depth. The air is pure, and so is often the drinking water. Sometimes the 
drinking water contains enough iron to hccomo hard, and even chalybeate. 
The unhealthy sands are those which, like the subsoil of the Landes, in 
south-west France, are composed of siliceous particles (and some iron), held 
tog Cither by a vegetaTde sediment. 

In other cases sand is unhealthy, from underlying clay or laterite near the 
surface, or from being so placed that water rises through its permeable soil 
from higher levels. Water may then be foimd within 3 or 4 feet of the 
surface; and in this case the sand is unhealthy, and often malarious. 
Imj)urities are retoined in it, and effluvia traverse it. 

In a third class of cases, the sands are unhealthy because they contain 
soluble mineral matter. Many sands (as, for example, in the Punjab), con- 
tain much carbonate of magnesia and L’me salts, as well as salts of tbe 
alkalies. The drinking water may thus contain large quantities of sodium 
chloride, sodium carbonate, and even lime and magnesian salts and iron. 
Without examination of the water, it is impossible to detect these points. 

8. Dense Marls, and Alluvial Soils generally . — These are always to 
be regarded with suspicion. Water neither runs off nor runs through ; the 
air is moist ; marshes are common ; the composition of the water varies, but it 
is often impure with lime and soda salts. In alluvial soils there are often 
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alternations of thin strata of sand, and sandy impermeable clay; mucli 
vegetable matter is often mixed with this, and air and water are both impure. 
Vast tracts of ground in I^engal and in the other parts of India, along the 
course of the great rivers (the Ganges, Brahmapootra, Indus, Nerbiidda, 
Krishna, &c.), are made up of soils of this description, and some of the moat 
important stations even up country, such as Cawnpore, are placed on such 
sites. 

The deltas of great rivers present these alluvial characters in the highest 
degree, and should not be chosen for sites. If they must be taken, only the 
most thorough drainage can make them healthy. It is astonishing, however, 
what good can be effected by the drainage of even a small area, quite 
insufficient to affect the generid atmosphere of the place ; this shows that it is 
the local dampness and the effluvia which are the most hurtful. 

9. Cultivated Soils, — Well-cultivated soils are often healthy, nor at present 
lias it been proved that' the use of manure is hurtful. Irrigated lands, and 
especially rice fieldsj which not only give a great surface for evaporation, but 
also send up organic matter into the air, are hurtful. In Northern Italy, 
wliere there is a very perfect system of irrigation, the rice grounds are ordered 
to be kept 14 kilometres ( = 8*7 miles) from the chief cities; 9 kilometres 
( = 5-6 miles) from the lesser cities and the forts ; and 1 kilometre (=1094 
yards) from the small towns. In the rice countries of India tliis point should 
not be overlookiid. 

10. Made Soils , — The inequalities of ground wliich is to be built upon are 
filled uj) with whatever happens to be available. Very oftem the refuse of a 
town, the (diiders, or dust-heaps, after being raked over, and any saleable part 
being removed, are used for this purpose. In other cases, chemical or factory 
refuse of some kind is employed. The soil under a house is thus often 
extremely impure. It appeals, however,* that the organic matters in soil 
gradually disappear by oxidation and removal by rain, and thus a soil in time 
purifies itself. The length of time in which this occuis will necessarily depend 
on the amount of impurity, the freedom of access of air, and the ease with 
which water passes througli the soiL In the soil at Liverpool, made from 
cinder itifuse, vegetable matU^rs disaiipeared in about three years ; textile 
fabrics wens, however, mucli more permanent ; wood and straw, and cloth, 
were rotten and partially decayed in three years, but had not entirely 
disappeared. In any made soil, it should be a condition that the transit of 
water through its exit from the soil shall be unimpeded. The practice of fill- 
ing up inequalities is certainly, in many cases, very objectionable, and should 
only be done under strict supervision. 

Sub-Section III, 

Malarious Soils , — Doubts have been expressed whether those paroxysmal 
fevers, wliich are curable by quinine, are produced either by telluric effluvia, 
or by substanedS passing from the soil into the drinking water. The evidence, 
however, appears to me conclusive in favour of both these modes of entrance 
into the body, although the particular agency (whether a plant or some non- 
organised effluvium) has not been recognised. I presume it may now be 
assumed that such fevers are not produced by heat or electricity, or great 
exercise in the sun, or. chill, or any other alleged cause of the kind, but must 
own a special and constant agent which can hardly be a gas. The efficient 
condition is apparently some kind of decomposition or fermentation going on 

* See Report on the Health of Liveipool, by Dr Burdon Sanderson, and the author, p. 9, 
eC seq. 
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in the soil, especially when the conditions come together of organic matter in 
the soil, of moisture, heat, and limited access of air. 

If it he asked, What exact chemical conditions of soil produce the malaria 
which causes periodical fevers t the answer cannot he given, hecause no great 
chemist has ever systematically prosecuted this inquiry, and, in fact, it may 
he said that, singularly enough, there are feAV good analyses of malarious soils, 
although no problem is perhaps more important to the human race. It seems 
pretty clear that the mineral constituents of the soil are of little or no conse- 
quence. Malaria will prevail on chalk, limestone, sand, and even, under 
special conditions, on granite soils. 

The following soils have been known to cause the evolution of the agent 
causing periodical fevers in the malarious zone. 

1. Marskcff , — Except those with peaty soils, those which are regularly over- 
flowed by the sea (and not occasionally inundated),* and the marshes in the 
southern hemisphei‘e (Australia, New Zealand, New Caledonia), and sonuj 
American marshes, which, from some as yet unknown condition, do not pro- 
duce malaria. 

The chemical characters of well-marked marshes are a large percentage of 
water, hut no flooding ; a large amount of organic matter (10 to 45 per cent.) 
with variable mineral constituents ; silicates of alumina ; sulphates of lime, 
magnesia and alkalies ; carbonate of lime, &c. The surface is flat, with a 
slight drainage ; vegetation is generally abundant. 

ITie analyses of the worst malarious marshes show a large amount of vege- 
table organic matter. A marsh in Trinidad gave 35 per cent. ; the middle 
layer in the Tuscan Maremma 30 per cent. The organic matter is made up 
of humic, ulmic, crenic, an<l apocrenic acids — all substances which require re- 
newed investigation at the hands of chemists. Vegetable matter embedded 
in the soil decomposes very slowly ; in the l^’uscan Maremma, which must 
liave existed many centuries, if not thousands of years, many of the plants 
are still undestroyed. Tlie slow decomposition is much aided by lieat, which 
makes the soil alkaline from ammonia (Angus Smith), and retarded by cold, 
which makes the ground acid, especially in the case of peaty soils. 

It would now seem tolerably certain that the growing vegetation covering 
marshes has nothing to do with the development of malaria. 

2. Alluvial Soils . — Many alluvial soils, especially, as lately pointed out by 
Wenzel, t those most niccntly formed, give out malaria, although they are not 
marshy. It is to be presumed that the newest alluvium contains more organic 
matters and salts than the older formations. Many alluvial soils have a flat 
surface, a bad outfaH, and are in the vicinity of streams which may cause 
great variations in the level of the ground water. Mud banks also, on the 
side of large streams, especially if only occasionally covered with water, may 
be highly malarious ; and this is the case also with deltas and old estuaries. 

3. The soils of tropical valleys, ravines, and nullahs. In many cases large 

* The effect of salt water on marshes is a 'problem which has been mnch debated^ and I 
believe the statement in the text reconciles most opinions. It was the older writers (Sylvius, 
Lancisi, and Pringle) who insisted on the noxious qualities of exhalations from marshes with 
water containing sall^ and there is certain evidence that the occasional overflowing of the sen 
in some of the Italian marshes, for example, has been followed by a great development of 
paroxysmal fevers. But there is much evidence similar to that given by Robert Jackson, who 
says ( Fevers in Jamaica, 1791, p. 4) I have never found tjie neighbourhood of salt 
marshes, in the different parts of America that I have had an opportunity of visiting, less 
healthful than the rest of the country ; on the contrary, they were frequently more so.” And 
the of Singapore, wliich has created such surprise, and is cited even by Hirsch as an ex- 
ceptional case, is of this kind ; the regular tidal overflow, though it causes the development of 
much sulphuretted hydrogen, prevents the formation of malaria, 
t Quoted by Hirsch. Jahresb., fUr die Ges. Med., 1870, baud ii. p. 209. 
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quantities of vegetable matter collect in valleys, and if there is any narrowing 
at the outlet of the valley, the overflow of the rains may be impeded. Such 
valleys are often very m^arious, and the air may drift up to the height of 
several hundred feet. 

4. Sandy plains, especially when situated at the foot of tropical hills, and 
covered with vegetation, as in the case of the “Terai" at the base of some 
parts of the Hiin^ayan range. In other cases, the sandy plains are at a dis- 
tance from hills, and are apparently dry, and not much subjected to the 
influence of variations in the ground water. The analysis of such sand has 
not been yet properly made, but two conditions seem of importance. Some 
sands, which to the eye appear quite free from organic admixture, contain 
much organic matter. Faur6 has pointed out that the sandy soil of the 
Landes in south-west Franco contains a large amount of organic matter, which 
is slowly decomi^osing, and passes into both air and water, causing periodical 
fevers. This may reasonably be conjectured to bo the case with other 
malarious sands. Then, under some sands, a few feet from the surface, there 
is clay, and the sand is moist from evaporation. Under a great heat a small 
quantity of organic matter may thus be kept in a state of change. This is 
especially the case along the dned beds of water courses and torrents ; there 
is always a subtenanean stream, and the soil is impregnated with vegetable 
matter. In other cases the sands may bo only malarious during rains when 
the upper stratum is moist. 

5. Certain hard rocks (granitic and metamorphic) have been already noticed 
(p. 339), especially when weathered, to have the reputation of being 
malarious ; moi'e evidence is requh^ed on this point. As Friedel justly 
rtiinarks of IIong-Kong, it is not the disintegrated granite, im* se, which causes 
the fevef, but the soil of the woods and della, and the clefts in the roc^ks, 
which were derived from the granite, and are soon filled with a cryptogamic 
vegetation. 

The magnesian limestone rocks wliich have been subjected to volcanic 
action have also been supj)osed to be especially malarious (Kirk, who instances 
the rocks at Sukkar), but the evidence has not been yet corroborated. 

6. Iron Soiht, — 8ir Eiinald Martin has directed attention to the fact that 
many reputed malarious soils contain a large proportion of iron. No good 
evidence has been adduced that this is connected with malaria, but the point 
rcjquires further examination. The rtid soil from Sierra Leone, which con- 
ttiins more than 30 per cent, of oxides of iron, shows nothing which appears 
likely to cause malaria.* The peroxide of iron is a strong oxidising agent, 
readily yielding oxygen to any oxidisable substance, ^d regaining oxygen 
from the air. It may, therefore, assist in the oxidation of vegetable matter 
ill an iron soiLf 

7. In certain cases attacks of paroxysmal fever have arisen from quite 
localised conditions unconnected with soil, which seem, however, to give some 
clue to the nature of the process which may go on in malarious ground. 

FricdelJ mentions that in the Marine Hospital at Swinemiinde, near Stettin, 
a largo day-waril was used for convalescents. As soon as any man had bscii 

* Analysis of the Rei Earth of Sierra Leone, by Assistant-Surgeon J. A. B. Horton, M.D., 
Army Medical Hepartnieut Blue-Book, vol. viii. p. 388. 

t surface soil of the Gold Coast (Connor's Hill, Cape Coast Castle), has also been 
analysed by Mr. J. H. Warden, F.O.S. (Indian Medical Service). It contained only 3 ‘28 per 
cent, of ferric oxide, and a trace of ferrous oxide ; the organic matter was only 4*4 per cent. 
The surface soil is only eight inches thick, and l>elow this is a stratum of a dark red colour, 
like burnt bricks, probably containing more iron. The sample above-mentioned was brought 
home by Surgeon-major J. Fleming, A.M.D. (Army Medical Reports, vol. xiv. p. 264). 

J Ost. Asiens. ]^rlm, 1863, p. ^8. 
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in this ward for two or three days, he got a had attack of tortiiin ague. In 
no other ward did this occm*, and the origin of the feve.r was a mystery, 
until, on close inspection, a large rain cask full of rotten leaves and brushwood 
wjis founil ; this liad overllowed, and formed a stagnant marsh of 4 to 6 
stjuare feet close to the. doors and windows of the room, which, on account of 
tlie liot weather, were kept open at night. The nature of the effluvium was 
not <leterniined. 

Dr IIold( 3 ii* ndates an instance in which, on hoard a ship at sea, eiglit cases 
of ague occurred from the emanations of a large quantity of mould which had 
formed in some closed store-rooms, which were exposed to the bilge water, f 


SECTION IT. 

EXAMINATION OF SOIL. 

Mnrlimilml Condition of aSW/.— T he degree of density, frialnlity, and 
peiKjtration by water, should be doterinined both in the surface ajid subsoil. 
Dijep holes, 6 to 12 feet, shouM be dug, and water ])oured on portions of the 
s(*il. Holes should be dug after rain, and tlm dej>th to which the rain has 
penetrated tdiserved. In this way the amount of diyiiess, the water-level, 
and tlio j)ermoability, c*an be easily ^certained. 

The surface or subsoil can also be mechanically analysed by taking a 
weighed cpiantity (100 grammes), drying it, and then })i(jking out all the. 
large stones and wtiighing tliem, passing through a sicive th(3 fin(5 particles, ami 
liually separating tli(3 finest particles from the c.oarser hy mixing with water, 
allowing tlie denser ])articles to siibsitle, and pouring olf tli<3 fin(3r siis])eiided 
])articles. The weight of the large stones, pins the weight of th(3 stoAes in the 
sieve and of the dried coarser particles, deducted fiom the total weight, gives 
the amount of the finely divided ^sul)stance, which is i)rol)ably silicate of 
aluminium. 

Temperature. — llie temperature at a dej>th of 2 or 3 feet, at 2 to 4 o’clock 
in the aft(3rnoou, would be an important point to determine in the troj)ics, 
and also the temperature in early morning. At pj*t.3Si3nt such observations, 
though very cjisily tiiken, and obviously very instructive, are seldom, if ever 
made, although a commencement in that direction has been marie in the 
investigations of Messra Lems and Cunningham at Calcuttal. It might also 
be ns(3ful to take a cerbiin rleptli of soil, say 6 iiudies, and, placing a thermometer 
in it, determine the height of the thermometer on ex])osure to the sun’s rays 
for a given time at a certain hour. 

CJiemiml Examination. — ^The chemical constituents of soil are, of course, 
as numerous as the elements ; more than 500 minemls have been actually 
named, Eut certain substanc<38 iim very rare, and, for the jdiysician, the 
chief constituents of soils are th(3 following substances or combinations : — 
Silicfi, alumina, lime, iron, magnesia, chlonne, carbonic acirl, phosphoric acid, 
nitric acid. A few siTrqde tests are often very useful, if we “Sre uncertain 
what kind of rock we have to deal with. Few piirsons could mistake granite, 
trap, gneiss, or rocks of that class ; or clay-slate or crystalline limestone. 
Ihit lino white sandstones, or freestone, or oven fine millstone grit, might he 
cuafouuded with lime rocks, or magnesian limestone. A few droi)s of 

* Aineriran Journal of Med. Science, January ISCfi. 

f Staff-sui^eon P. Mansfield, R.N., recounts an outbreak of yellow remittent fever on board 
ship at Itio, coincident with the growth of an enormous quantity of gigantic fungus in the liold. 
It spcins unlikely, however, that this was more than a coincidence. 

J O/J. cit. 



EXAMINATION OF SOIL — GEOLOGICAL TERMS. * ' 345 

hydrochloric acid will often settle the question, as it causes eirervcscence in 
the carbonates of lime anil magnesian rocks.* 

A more complete examination should include the following points : — 

1. Percent atje of Water , — Take 10 grammes of a fair sample of soil, and 
dry at a heat of j weigh agjiin ; tlie dilfenmce is water or volatile 
substance. 

2. Percentage of volatUe matters (indwling vmter\ destroyed hy incinera- 
tion . — Take another weighed portion of soil and incineiate at a full red heat ; 
riicarbonate -with carbonic acid solution, or with ammonium carbonate ; heat 
to exj)el excess of ammonia ; dry and weigh. 

3. Ahsorpthm of Water. — I’lace the driiid soil in a still atmosphere, on a 
plate in a thin layer, and i*eweigh in 24 hours ; the increase is the absorluMl 


* It may be nselul to give (from Page’s ^‘Handbook of Geological Terms’’) a few composi- 
til ms, and to deline a few ^)f the coiiinion miiieralogical words used in geology. 

Qifartz. — f.-rystal lis<*.d silica. 

FeUpiir, — Silica, aluiiiina {trisilJcaJte of altnnina)^ potash, or soda, and a little lime, magnesia, 
and ferric oxide, crystallised or amorphous. 

Mica . — Silica, alumina, ferric oxide and potash, or magnesia, or lime, or lithia. 

-Mica, hut with less silica and more magnesia and iron. 

<jr ma/7c. —(Vmi posed of ijuartz, felspar, and iiiicar.,. 

-Hornhlende instead of mica. 

iSfjenitic granite.- felspar, inicji, and hornblende. 

Llneiss . — Same elements as granite, but the crystals of quartz and felspar are broken and 
iiidisthict. 

Uornblcmle.- -A mineral entering largely into granite and trappean rocks, composed of silica 
(47 to (iO), magnesia (14 to 28), liiiie (7 to 14), with a little alumina, tluoriiie, and ferrous 
oxide. 

Angiic. - Like hornblemle, only less silica (does not resist acids). 

llyin rslMruc. Like augitc, only witli very little lime ; it contains silica, magnesia, and iron ; 
resists aci<ls. 

Oreetistone . — Hard granular crystalline varieties of trap, felspar, and hornblende, or felspar 
and augite. 

liasalt . — Augite and felspar, olivine, iron pyrites, &c. 

Trap. - Tabular greeustouo and basalt, 

UchlM . — A tijrm fip[)lie(l to the rocks mentioned above, when they are foliated or sjdit u]) into 
irregular jdates. 

Clny-Slate . — Argillaceous arenaceous rocks, with more or less marked cleavage. 

Limestone . — All varieties of hard rocks, consisting chielly of carbonate of linie. 

Oolite. - -IjUmniione made up of small roiiiuled grains, compact or cry .stal line, like the roe of 
a fish. 

Chalk . — Soft calcium carlvonato. 

Magnesian Limestom . — Auv limestone containing 20 per cent, of a salt of magnesia, fre- 
ijiiciitly not crystalliseii. 

Dolomite . — Crystallised magnesian limestone. 

K'linkur. —A term used in India to denote nodular masses of impure calcium carbonate. 

0^2^ fan "Selenite . — Sulphate of calcium. 

if ravel. — ^Water-worn and rounded fragments of any rock, chielly quartz ; size, from a pea 
to a hen’s egg. 

hiand. —Same, only particles less than a pea. 

iSandstone . — Consolidated sand ; the particle.s held together often by lime, clay, and ferric 
oxide. 

Freestone, — Any rock which can be cut readily by the builder ; usually applied to sandstone. 

Millstone grit. — Haiti gritty sand.stone of the carboniferous series, used for millstones. Grit 
is the tersb generally used when the particles are*' larger and sharper than inordinary 
sandstone. 

Clay . — Silicate of alumina. 

Greensand . — Lower i)ortion of the chalk system in Plngland ; sand coloured by cldoritous 
silicate of iron. 

Marl . — Lime and clay. 

Diterite. — A term much used in India to denote a more or less clayey stratum which underlies 
much of the sand in Bengal, some parts of Burniah, Bombay presidency, &c. 

Conglomerate, — Bocks composed of consolidated gravels (i.e., the fragments water- worn and 
rounded). 

Breccia. —Rocks composed of angular (not water- worn) fragments (volcanic breccia, osseous 
breccia, calcareous breccial. 

Shale, — A terra applied to all clayey or sandy formations with lamination j it is often consoli- 
dated and hardened mud. 
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off subsoil water, and not surface water. This latter should be provided for 
l>y shallow drains along the natural outfalls and valleys. As far as drainage 
is coneerned, we have tlieii to provide for mere surface water, and for the 
water which passes below the surface into tlie soil and subsoil. 

Brushwood, should usually be cleared away, but trees left until time is 
given for consideration. In clearing away brushwood, the ground in the 
tropics should be disturbed as little as possible ; and if it win be done, all 
cleared spots should be soon sown with grass. Brushwood should not be 
removed from a marsh. 

In enjcting the buildings, the ground should bo excavated as little 
as possible ; in the tro])ics especially hills sliould never l)e cut away. The 
surface should be levcdled, holes Idled in, and those i^ortions of the surface, on 
which Klin (tan fall from buildings, wtdl paved, with good side gutters. This 
is (*.spe(;ially ne(tessary in the tropics, where it is of importance to prevent the 
ground under buildings from becoming damp ; but the same principles apply 
everywhere. 

In a tenipi^rary camp so much cannot be done ; but (wen here it is desirable 
to trmicli and drain as mucli as 2 )ossibie. It not uiifi’ecpiently liaj)pen8 in war 
that a camp intended to stand for two or thi*ee days is k(;pt up for two or tlmte 
wiioks, or even montlis. As soon as it is clear that tb(i occAipation is to be at 
all prolonged, the same plans sliould be adopted as in permanent stations, 
'riui great point is to carry (jI! w.ater Kipidly, and it is astonishing wliat a few 
well-planned surface clKiins will do. 

The Bubjs for improving the healthiiiess of a site may be thus summarised ; — 

1. Dniin subsoil and lowcu* the levcd of the ground water. 

2. Pave und(ir liouses, so as to prevent the air from rising from tli^^ gi’ouiid. 

3. Pave or cover with short gniss all ground iieai' buildings in malarious 
districts. 

4. Keep the soil from tlie penetration of impurities of all kinds by proper 
arrange incuts for carrying away rain, siulace, and house water and hcmse im- 
purities. 



CHAPTER IX. 


HABITATIONS. 


Whoever consiilers carefully thti record of tlie niediaival epidemics, and s(*e]<s 
to iut(}r])rot them by our present knowlcMlge of tlui causes of disease, wil], I 
believe, become convinced that one great reason why tliose epidemics s<> 
frofpient and so fatal was the compression of the population in faulty habita- 
tions. Tll-coi drived and closely j)ackcd houscis, with narrow strciets, often 
made winding for the purpose of dcifence ; a very poor 8Uj)ply of water, and 
therefore a universal unclofiidiii(\ss ; a Avant of all appliances for the removal 
of excTcita ; a population of rudc^,, careless, and gross liabits, living often on 
innutritions food, and frecpiently exposed to famine from tlieir imperfect 
systciin of tillage, — such were the conditioiLS which almost throughout the 
whole*, of l^jiro[)e enablcMl diseases to attain a range?., and to display a virulenc'c*, 
of which Ave liave; now scarcely a C()n<3e']>tion. Tlic more thesse matters are? ex- 
amineid, the more, I belioA^e, sliall we he convinced that avo must look, not to 
grand cosmical conditions ; not to earthepiakes, comets, or inysti>rious Avave s 
of an UTi^*eu and poisonous air ; not to re?condite e])ideunic e*,on8titutions, ])ut 
to simple?, familiar, and household conditions, to explain the spii?ael and facility 
of the ]ne?tlia?val plagues. 

The diseases arising from faulty hahitations are in great measure, perlinjis 
entirely, the discfises of impure air. I'he site may be iu fault ; and from a 
moist and malarious soil excess of Avaterand organic emanations may pass intf» 
tlie house. Or ventilatiou maybe imi)crfect, and the? exhalations of a croAvaled 
population may acjcumulate and putrefy ; or tin? ex<;retions may lx? alloAA^ed to 
remain in or irnar tlie house? ; or a gemeral uiicl(?aidiuess, from Avant ejf Avatev, 
may cause a persistent contamination ed the air. And, on the contrary, these 
live conilitions insure healthy habitations : — 

1. A sik? dry and not malarious, and an aspect Avliicb gives light and 

cbee?rf 111 ness. 

2. A ventilation Avhich carric?s ofl* all re?spiratejry impurities. 

3. A system of iinme?diate and jierfect sewage removal, Avliich shall 

render it impossible that the air shall be contaminated from 

excreta. 

4. A pure supply and proper removal of water ; by means of wbicli per- 

fect cleanliness of all parts of the house can be insured. 

5. A construction of the house AA’^hich shall insure perfect dryness of the? 

foundation, walls, and roof. 

In other Avords, porfect purity and cleanliness of the air are the olijects to 
he attained. This is the fundamental and paramount condition of liealtliy 
hahitations ; and it must over-ride all other considerations. Aftt?r it has lx?en 
attained, the ar(?hitect must engraft on it the other conditions of comfort, con- 
venience, and beauty. 

The inquiries which have been made for the last thirty yc?ar8 in Englarul 
have shown hoAv badly the poorer classes are lodged, both in toAvn and 
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country, and how urgent is the necessity for improvement. Various Acts* 
have been passed for the purpose of improving labourers^ cottages and other 
small dwellings, but either from the powers being insufficient, or from the 
difficulty of proving that a dwelling is injurious to health, unless it is in 
extremely bad condition, these Acts have had little effect. 

Up to a cerhiin point, there is no difficulty in insuring that a small house 
shall be as healthy us a largo one. The site and foundations can be made as 
dry, the drains as well arranged, the walls ancl roofs be as sound, and the 
water supply as good as a house of much larger rental. In fact, in one 
respect, the ]ious(3S of the poor are often superior to those of the ri(ih, for the 
sewers do not open directly into the lioiisiis, and sewer aii* is not breathed 
during the niglit. But the difliculty in th(i houses of the poor is the over- 
crowding, and the iiui)regnation of the walls with foul effluvia and deposits. 
Considerations of cost will jjrobably always prevent our ])oor class of houses 
from having sufficient fhjor and cubic space. These two special difficulties 
must bo met by improved means of warming and ventilation, and by covering 
the interior walls with a ceiiuint which is non-absorbent, and which can be 
wjished. Pe]’ha})S, also, improvements in rising cement, or otluir plans, will 
(jventually so lessen the cost of building that larger rooms can be given for 
tlie same rental, and the poor be taught to prize the boon of an abundant 
aUowauce of air, and not sotik to lessen it by crowding and underletting. 

Dryness of the foundation and walls of a home is secured by draining the 
subsoil, 4 to 9 feet below the foundation,! and, in very wet clay soil, by 
paving or cementing under the entire house. { The walls are kept dry by 
being imbedded in concrete, Avldch is brought up to the ground level, or by 
the insertion in the} walls the^mselves of a waterproe)f course of slatef asjffialt, 
e)r what is better, of ventilating vitrified thin bricks (eis devised by Mr 
Taylor). 

On wet damp soils, whciii a house has no ce^llar, the flooring ought to bo 
raiseei 2 feeit above tliej ground, and the space below should be wi}ll vejitilatod. 
In the tropics, the houses are often raiseei on arclies 3 to 5 feet above the 
ground. Dryness of widls is best secured by hollow walls,§ or coating the 
walls with cement, which is kept painted, or with slates. Terra-cotta slabs 
have been used, and liquid i^repiirations (edueliy alkaline silicates) have been 
brushed ovei' the surface of brick and stone. Bricks are often extremely 
porous, II and a brick wall will absorb many gallons of water. U 

Dryness of the roof should bo carefully looked to in every case, as watt.T 
often gets to the walls tlu‘ongh a bad roof, and the whole house becomcjs 
damp. 

The condition of the biuseinonts or cellars, if they exist, requires attention, 


* Labouring Classes Dwelling-house Act, 1866 ; An Act to provide better Dwellings for 
Artisans and Labourers, 1868 ; Artisan’s Dwellings Act, 1875 ; various clauses in the ditiereiit 
Public Health Acts. 

t Even the walls of old ricketty cottages may be thoroughly dried by this means, (Rogers 
Field). 

X For a gooil diagram of a plan for avoiding diiinj), see Bailey Denton’s “ Sanitary Engineer- 
ing,” Plate I. p. 56. 

g deiming’s patent Bonding Brick is n good plan for preventing moisture penetrating from 
the outer to the iimer skin of a hollow wall. It is a hollow, vitrified brick, curved upwards at 
an angle of 45'", so that no water can puss along it. 

II An ordinaiy brick will hold about 16 oz. of >vater. 

^ Bricks iiniJeifectly burned on the outside of the kiln are termed Place, or Samel, or Sandel 
bricks, lliey absorb much water. The sun-dried bricks of India ore very damp, and absorb 
water from the air. I am not aware of the absorbing power of the bricks made by compression 
without bui ning. Many sandstones are very porous ; water beats into them and rises high by 
capillary attraction. Lime made from chalk absorbs water. Pia6 is compressed earth, and, 
unless coven'd with cement, is moist. 
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as the air of the house is so often drawn directly from them. They should 
ho dry, and thoroughly well ventilated, and the house pipes, if tliey nni 
down to the basement, should be always uncovered so as to be easily 
inspected, and any bad-fitting joint, or crack, or imperfect trap, if there be 
one inside the house, be at once remedied. 

The carrying off of rain water, so as not to sink into the ground near the 
house, is a matter of importance. 

The other points which are necessary to secure a healthy house, viz., good 
aspect and external ventilation, and sufficient room ventilation, absence of all 
conditions outside the house which can contaminate air entering it, a proper 
water supply, and due care in removing excreta, are discussed in tlieir respec- 
tive chapters. 

' In examiiiiug a house to discover the sources of uiihealthiness, it is best to 
begin at the foundation, and to consider first the site and basements, then the 
living and sleeping rooms (as to size, cubic contents, and iiumlxjr of persons, 
ami condition of walls and floors), ventilation, water sui)2dy, and ])lans of 
waste and sewer-water removal, in regular order. 

The following memorandum as to the wjiy in which engineers examine a 
house has been kindly given me by my friend Mr William Eassie, C.E. 

MEMORANDUM. 

jy'Iiat is umalhj dom hy Sanitary Engineers when inspecting a House, 

Sanitary engineers consider that an unusual smell is generally the first evidence of 
something wrong, and that, traccid to its source, the evil is half cured. Tliey inspect first 
the drainage arrangements. If the basement generally smells offensively, they scjai-ch for 
a leaking 4I rain-pipe, ?!.<?., a pipe badly jointed or broken by settlement, and these will 
often show themstdves hy a dampness of the juving around. If, uj>on impiiry, it tiirjjs 
out that rats are ofteu seen, they come to the conclusion that the house drain is in direct 
communication with the sewer, or some old brick barrel-drain, and therefore examine 
the traps and lead bends which join the di’ain-pi[)es to see if they are gnawed or finilty. 
If the smell arises from any particular sink or trap, it is plain to them tliat there is no 
ventilation of the drain, and more especially no diseoiiiieetion between the house and 
tlie st?wer, or 110 fla^i-trap at the house-ilniin dcdivciry into the sewer. If a country house 
he under examination, a smell at the sink will, in nearly every case, be tmeed to an 
un ventilated cesspool ; and. in opening up the drain under the sink, in such a state of 
things, they will take care that a candle is not brought near, so as to cause an explosion. 

If the trap is full of foul black water, impregnated with sower air, they partly account 
for the smell hy the neglect of Hushing. If the sink, and kitchen, and scullery wastes 
are in good order and the smell is still observable, they search the other cellar rooms, and 
froiueiitly find an old floor-trap without Avater, broken and open to the drain. If the 
smell be ammonisical in character, they trace the stable-drains and see if tliey lead into 
the same pit, and if so, argue a weak pipe on the route, especially if, as in some London 
mansions, the stable-drains run from tlio mews at the back, through the house to the 
front street sewer. 

Shouhl a bad persistimt smell be complained of mostly in the bedroom floor, they seek 
for an untrapped or defective closet, a burst soil-pipe, a bad junction between the 
lead and the cast iron portion of the soil-pipe behind the casings, &c., or an improper 
connection with the drain below. Tiioy will examine how the soil-pipe is jointed tliere, 
and, if the joint be inside the house, will carefully attend to it. They will also remove 
the closet framing, and ascertain if any filth has overflowed and saturated the flooring, or 
if the safe underneath the apparatus be full of any Ihjjuid. If the smell be only occasional, 
they conclude that it has arisen when the closet handle has been lifted in ordinary use 
or to empty slops, and satisfy themselves that the soil-pipe is un ventilated. They, more- 
over, examine the bath and lavatory waste-pi])es, if they are untrapyicd, and if trajijied 
by a sigmoidal bend, whether the trapjiing water is not always wdtlnlrawn owing to the 
syphon action in the full riinuiug pijie. They will trace all these waste-pipes down to 
the sewer, ascertain if they wrongly enter the soil-pipe, the closet-trap, or a rain water- 
l>ipe in connection with the sewer. 

If the smell be perceived for the most part in the attics, and, as they consider, scarcely 
attributable to any of the foregoing evils, they will see whether or not the rain water 
pipes which terminate in the gutters, are solely acting as drain ventilators, and blowing 
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into the dormer windows. They will also examine the cisterns of rain water, if there ho 
any in the other portions of the attics, as very often they are full of putridity. 

A sb’ght escape of impure air from the drains may be difficult to detect, and the smell 
may be attributed to want of ventilation, or a complication of matters may arise from a 
slight escape of gas. Neither are all dangerous smells of a foul nature, as there is a close 
sweet smell which is even worse. Should the drains and doubtful places have been pre- 
viously treated by the iniiiatos to strongly smelling disinfectants, or the vermin killed by 
poison, the inspectors of nuisances will find it difficult to separate the smells. In such a case, 
Jiowever, they will examine the state of the ground under the basement flooring, and feel 
certain that there are no .disused cesspools or any sewage saturation of any sort They 
will also ascertain if there be any stoppage in the drain -pipes, by taking up a yard trap 
in the line of the drain march, and noting the reappearance of the lime water which they 
had thrown down the sinks. And invariably, after effecting a cure for any evil which 
had been discovered, th(‘y wall leave the traps cleaned out and the drains wadi flushed, 

Besidt‘s the <ivninagc, tiny will, especially if tiny detect a had and dank smell, see .if 
it arises from the want of a damp-proof course or of a dry area, .see if there be a wet soil 
under the basement floor, a faulty pipe inside the wall, an unsound leaden gutter on the 
top of the wall, or an overflowing box gutter in the roof, a leaky slatage, a ])orous wall, 
a wall too l^in, and so on. 

They will also keep an eye upon the condition of the ventilating "arrangements, and 
whether the evils complain(?d of are not mainly due to defects there. The immediate 
surrounding.s of the house will also be noted, and any nuisances estimated. 

Sanitary inspectors, whilst examining into the condition of the drains, always examine 
the wratcr cisterns at the same time, and discover whether the cistern whicdi yields tln^ 
drinking water supjdies as w^ell the flushing water of the closets. They wall also ascertain 
if the overflow pix)e of this cistern, or if a separate drinking water cistern, passes directly 
into the drain. 

If the overflow j)ipe he syphon-trapped and the waiter rarely changed in the trap, or 
only when the ball-cock is out of order, tiny will point out the fallacy of sucdi trapping; 
and, speaking of traps generally, they wall look siis])iciously on every one of them, 
endeavour to render them supererogatory by a thorough ventilation and discjonnectiori of 
the drains.* 


SECTIOi^ ir. 

Hospitals. 

General Reinarh^, 

Of lato ye«ars a great immher of works (hhiglisli, Fretich, Gorman, and 
Aiiuirican) have betiii tvriiti.*ii on tlic construction of liospitals. "J'liis has boon 
(isj)ccially owing to tlio (udobriited “Notes on Hospitals,” published by Miss 
Nightingale, after the Crimean war-— a wwk tlie importance of whiiii^li it is 
impossible to over-rate— and to thi^ very useful pamphlets of Mr Roberfcon of 
Mancbcister. Among military wrikus, liobert Jackson in this, as in all 
other points, takes the lirst rank, and his observations on the construction of 
hospitals are conceived entindy in the S])n‘it of the best writings of the 
I)resent day. In the short space wliiidi (!an be given to the subject here, I can 
merely condense what has been best said on the subject, as applied especially 
to military hospitals, t In the first place, however, a few w'ords are necessary 
on the geneml (question. 

Although the establishment of hospitals is a necessity, and marks the em 
of au advanced civilisation, it must always remembered that if the crowd- 
ing healthy men hiis its danger, the bringing together wnthin a confined area 
many sick persons is far more perilous. The risks of contfiiniiiation of the 


* Much useful information will also he obtained from Sanitary A rrangenieiit^j for Dwellings, 
by W. Eassie, C.E., and from Sanitary ]||lugineering, by J, Bailey Denton, O.E. 

f For fuller details, Captain Galton’swWork on Hospitals should be consulted. See also 
Fiva Essays on Ho.spitiil Plans, contributed for the John Hopkins Hospital scheme (Wood 
and 100., Now Yorh) ; Report on the Manchester Royal Infirmary, by J. Netten liadclilf, Esq. ; 
Reports on St. Mary’s Hospital, Paddington, by F. de Chaumont, M.D. ; chapter in Roth, 
ana Xiex, Miiit. Gcsiuidheitspfloge ; paper in the Practitioner, March 1877. 
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air, and of impregnation of the materials of the building with morbid sub- 
stances, are so greatly increased, that the greatest care is neccvssary that 
hospitals shall not become pest-houses, and do more harm than good. We 
must always remember, indeed, that a number of sick persons are merely 
brought together in order tluit medical attendan(M3 and nursing may bo moni 
easily and perfectly performed. The risks of aggrcigation are encountered 
for this reason ; otherwise it would be far better that sick persons should be 
separately treated, and that there should be no chance that the rapidly chang- 
ing, and in many instances putrefying substances of one sick body should ] wiss 
into tlie bodies of the neighbouring patients. There is, indeed^ a coiitinu/il 
sacrifice of life from diseases caught in, or aggravated by hospitals. The many 
advantages of hospitals more than counterbalance this sacrifice, but it sliould 
be the first object to lessen the chance of injury to the utmost. The risk of 
transference or aggravation of disease is least in the best ventilated hospitals. 
A great supply of air, by imniediatcdy diluting and rapidly carrying away the 
morbid substauccis- evolved in such tpiantities frojii the bodies and excriitions 
of the sick, reduces the risk to its minimum, and perhaps removes it altogether. 
But tile supply of air must be enormous ; we are not in a i)ositioii to say how 
much, but I question whether even the large quantity of 4000 cubic h/et per 
head per -hour, now assigned by the best observers, will not be found to be 
far below the jnoper amount for the acute and febrile diseases.* 

'rh(i causes of the griiater (joiitamination of the air of hospikils are these : — 

1. More organic ettluvia arogiv^m off from thel)odies and excjretions of sick 
men. Tliese are only removed by the most coinpleto ventilation. 

2. The medical and surgicjal management of the sick necessfirily often 
exposcis to Jhe air excrcjtions, dressings, foul poultices, soiliid clotlu^s, vfec., and 
the amount of substances tliiis added to the air k by no means imionsidiM’able, 

^ even with the hcjst management. 

3. The walls and floors of hospihils absorb organic matters and retain thorn 
obstinately, so that in some cases of repeated attacks of hospital giingixuie in 
ward it hfis been found necessiiry to destroy even the whole wall. Continual 
drippings on the floor of substances whicli soak into the boards and thi’ougli 
crevices, and colkict under the floor, also occur, and thus collections exist of 
putrefying maitt^.rs which constantly conbiminahi the air. 

4. TJie bedding and furniture also absorb organic substances, and are a 
groat cause of insalubrity. 

5. Till very recently, even in the Ixjst bos])itals, the wat(}r-clos<*is and urinals 
were badly arranged, and air passed from tlu^se places into the wards. 

In addition to the necessary amount to dilute and remove these substances, 
the freest supply of air is also now known to be a curative means of the 
highest moihent ; in the cases of the febrile diseas(^s, both specific and 
symptomatic, it is . indeed the first essential of treatment ; sometimes, especially 
in typhus and smallpox, it even lessens duration, and in many cases it I’enders 
convalescence ’ shorter, f > 


* In my paper, On the Theory of Ventilation, (Proceedings of tlio Royal Society 
I have shown that the smell of organic matter becomes perceptible in hospitals when the 
carbonic acid exceeds the external air ratio by 0*166 per 1000, whereas in barracks it is not 
perceived until it has passed 0*208 per 1000 ; so that, if 3000 cubic feet be the minimum per 
hour for health, not less than 4000 must be adopted for even ordinary cases of disease, ana as 
much more as can be obtained for surgical or febrile diseases. (P. de C.) 

+ The effect of a great supply of air on some diseases marvellous, and the subject is so im- 
portant that a few examples may be quoted. The expmence of the fevers in the fonse assem- 
bled at Cork in 1795 ; of the spotted typhus of 1814 at Paris, when it was noticed with astonish- 
ment that the cases placed (with great fear of the result) in flie abbattoir of Moiitfaucon (one- of 
the highest and most breezy parts of Paris), did infinitely better than the patients in the regular 
hospitals ; and the analogous case of the Irish fever of 1847-48, when cases left in tbe open air 

z 
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There can, I believe, be no doubt, that the necessity for an unlimited sup- 
ply of air is the cardinal consideration in the erection of hospitals, and, in 
fact, ihust govern the construction of the buildings. For many diseases, 
especially the acute, the merest hovels with plenty of air are better than the 
most costly hospitals without it. What ill-judged humanity it is to over- 
crowd febrile patients into a building, merely because it is called an hospital, 
when the very fact of the overcrowding lessens or even destroys its usefulness. 
In times of war, it should never bo forgotten by medical officers that the 


and in the Tiuhiat sheds recovered better than those patients who had all the advantages of the 
hxed estaiilishments, can be paralleled by many other instances. A case full of instruction for 
the army surgeon was i*ecorded 100 years ago by Brocklesby, physician to the army in 1764.* 

** In October 1758, a greater number of sick were landed out of the transports on the Isle of 
Wight than all the spare outhouses, bams, and empty cottages which could be procured for 
money or the sake of humanity at Newi>ort, werecjipable of containing. In this distress, some 
gentlemen of the hospital proposed to erect a temporary shed, with deal boards, upon the open 
forest, and to have it thatched over with a coat of new straw, thick enough to keep out wind 
and rain, and capacious enough to hold 120 patients or upwards ; for doing which, and the use 
of the boards, the country workmen exacted forty pounds. Although the hovel was finished in 
a fashion the most slovenly, and ajiparently inadequate to the end proposed, upon trial it was 
found that, notwithstanding much extraortUnarj'^ cold, as well os moistui’e, which the sick there 
lodged had suffered, remarkably fewer died of the same diseases, though treated with the same 
medicines and the same general regimen, than died anywhere else ; and all the convalescents 
recovered mucli sooner than they did in any of the warmer and closer huts and barns hired 
round Newport, where fires, and apparently better accommodations of every sort, could be pro- 
vided for them.” (Pp. 66, 67.) 

He gives another instance afterwards. 

In making these rough shells with wattle, Brocklesby incidentally mentions two points of 
im}.v)rtance : — 1. The removin'^ from time to time the gi'ound from the surface, as it gets im- 
pregnated with all sorts of tiling. 2. The building of a large entrance porch, sheltered over 
head (but not at the sides ?), into which the convalescent men can creep, to get as much as 
possible into the open air, and also to cat their meals in it. t 

Another old army siirgeonf veconls an analogous case. Donald Miinro says that Dr Hume 
told him, that in 1765, some of the men-of-war carried out to Noilh America a malignant jail 
fever, brought by impressed men. The fever continued to spread while at sea ; but at Halifax • 
the sick ** were lodged in teats, or in very old shattered houses that admitted the air very 
freely, which put a siKlden and eftectual stop to this liisonler.” 

The same facts were before clearly pointed out by Pringle, who witnessed tlie loss occurring 
in military liospitals when spotted typhus once gained u footing ; and they were also fully 
understooil by Sir James M‘(»rigor in tlie Peninsular war. As far as spotted typhus is con- 
cerned, no evidence is necessapr to couviiioe us that patients must l>e treated with an absolutely 
unlimited supply of air ; and %th respect to some other diseases, the remarkable experience of 
the Austrian army silicons for the last few years shows that the same rule applies to typhoid 
fever, small-pox, pyiemia, hospitiil gangrene, and wounds. Since 1854, the sick of the Austrian 
army have been largely treateil, during eight or nine months every year, in well- ventilated tents 
in preference to fixed hospitals. The result has been most remarkable ; disease was prevented 
from spreading, and patients got well much more rapidly than in the apparently more comfort- 
able permanent hospitals. For particulars, the Report on Hygiene by the author, in the Army 
Medical Report for 1862, can be refen’ed to ; some of the most important facts are given under 
the head of Field Hospitals in War. In Dr Massey’s paper in the Army Medical Department 
tReport, vol, xi. j). 229, is an able statement of facts of a similar kind. 

In Germany many of the large hospitals have now small wooden buildings (barrack-hos- 
* pital^) in adjoining hospital enclosures, where all the worst surgical cases are treated. 

An analogous experience has led some of our best surgeons (Sir James Paget, for example) 
to believe that in pyjemia a patient sliould be treated almost in the open uir. 

In yellow fever the same rule holds good ; and to sliow how early this was appreciated, I 
subjoin a quotation from Lind. 

Lin6+ quotes from “ a very sensible man, who resided long in Jamaica.” 

** 1 have often observed the poor seamen in the merchant ser vice to recover from the yellow 
fever solely by having the benefit of a free and constant admis sion of the cool sea air into a 
gliLp anchored at a dUtauce from the shore, where they lay utterly destitute of every assistance 
in sickness, and even of common necessaries, haviim nothing but cohl water to drink, and not 
so much as a bad to lie upon ; while gentlemen newly arrived from Kngland, by being shut up 
in small, close, suffocating chambers at Kingston or Port- Royal, exp ired, with their whole mass 
of blood dissolved, Hovring from every pore— the stifling heat of their room' having produced a 
state of universal putrefaction in the body, even before death.” 


• Economical and Medical Observations from the year 1758 to 1763, by R. Brocklesby, 1764. 
f Donald Monro, vol. i. p. 269. 

1 On Diseases of Eoropeous in Hot Climates, p. 315. 
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rudest shed, the slightest covering, which will protect from tlie Aveather, is 
better than the easy plan so often suggested and acted on, of putting the beds 
a little closer together. 

The, recognition that the ample supply of pure air is the first essential of a 
good liospital, led Miss Nightingale to advocate with so iiiucli energy and suc- 
cess the view which may be embodied in the two following rules : — 

1. The sick should be distributed over as large an area as possible, and each 
sick man sliould bo as far removed as possible from his neighl)our. 

2. Tlie sick should bo placed in small detached and perfijctly ventilated 
buildings, so that there is no great number of persons in one building, and 
there shall be no possibility of the polluted air of one Avard passing into 
anotlier. 

IIow is this perfect Purity of Air to he secured ? 

TliivS is a inattfir partly of construction, partly of sui)erintendence. 

(a) There should be detached buildings, so disposetl as to got the freest air 
and the greatest light. They should be at considerable distances apart, so tliat 
1000 sick should be spread like a vUlage ; and in the Avards, each man ought 
to liave not less than 100, if possible, 120, feet of super(i(;ial, and from 1500 
to 2000 feet of cubic s})ace.* With detachiid buildings, the si/e of an 
hospital, as })ointod out by Miss Nightingale, is depeiuleut ni(U*(dy on the 
facility of administration. When the hospitals consist of a single building 
the smallest liospitals an^. tlie best. 

{h) The ventilation sliould be natural, de])endent on tlui movement of 
the outer air, and on imicpialitic^s of Aveight of tlio (^xtmmal and internal air. 
The riMison of this is, that a much more efficient ventilation can be obtained 
at a ch(?iper cost than by any artificial nutans. Also, l)y mc^ans of ojxm doom 
and Avindows, Ave (;an obtain at any momcjit any amount of ventilation in a 
sp(‘,cial -ward, Avhereas local alterations of this kind ai*e not possibles in any 
artitudal system. The amount of air, Jilso, ANdiicU any artiliidal system can 
cheajdy giv(^ is coniixiratively limiteil. Tlie amount of air shmiM be 
restrictiid only by the necessity of not allowing its nioveineiit to ])«*, too 
perccjitible. 

The best arrangcniKmts for natural ventilation«^or ln)s])ita]s iip]>ear to me. to 
be these — l-y/, Opposite windows reacliing m^arly to tlie ceiling, on tlu^ sides 
of a Avard (not wider than 24 feet, and contiiining only two rows of b«',ds), 
and a large end window. 2(7, Additional uj)tmings, to secure, as fer as 
possible, a vertical movement of the air from below u^iwards ; and this, I 
believe, will be best accomplished as folloAvs : — f 

A tub© opmiing at once to the external air should run transversely along 
the tloor of tluj ward to each bed, ami should end in a box place<l umh^r the 
bod, and provided Avith opojiings at tlie top and sidiis, which can l.)e mo)*e or 
less closed. In the box, coils of hot-Avater pipes should be introduc<Ml to 
Avarm the air Avhem micossary. The area of tlui tulxj should not he less than 
72 sscpiare inches to each bed ; and theaiAja of the opimings in the box at least 
four times larger. Th(j fn^sh air, warmed to any di*gree, and moisteneil, if 
necessary, by placing Avet cloths in the box, or medicated by jjlaeiug (chlorine, 
iodine, or other sul^stances, will then pass under eacli })(3d, and ventiluhi tliat 
space so often left unaired ; and then, ascending round the side.s of tlui bed, 
will at once dilute and carry up the jiroducts of respiration ami transpii-jition 


* See page 147 for the discussion on this point. 

+ A plan similar to this has been devised by Dr S. Hale, and adopted in some of tin* Aus- 
tralian hospitals. It is an excellent arrangement, but seems rather uimecessarily complit .'iled 
by taking the air under the floor, and elevating the beds on a dais. 
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to tho ceiling. It would, I presume, l)e a simple matter so to arrange the hot- 
water pip( 3 s as to ho able to cut off all or som(i of tho pipes under a particulaj* 
bed from the hot-water current if desired, and so to give a fever patient air 
of any biuiporature, from cold to hot, desired by the physician. In th(i low 
and exhausbid stages of fever warm air is often desirable. By this simple, 
plan, it seems to me we could deal more effectually with the atmosphere round 
our patients, as to warmth, dryness, humidity, and medication, than by any 
other. At the same time, tlie open fire-place and chimney, and the open 
doors and windows, might be preserved.* 

For the exit of the foul air, channels in the ridge should be provided, 
warmed by gfis if possible, as pointed out in the chapter on Vbxtilation. 

To facilitiito tliis sysbrni of ventilation, it is desirable to have tlie buildings 
one storied only ; but it can be applied with two stories. > Only then the dis- 
charge tubes must bo jjlaced at the sides, ami run up in the thickness of the 
walls.! 

Blit not only should tluire bo good ventilation, Tint th(3 wanls ought to be 
every year empty for two or three weeks, and during tho time thorouglily 
exposed to tho air, every door and window being open. 

(c) The sti'ictest rules should be laid down with regard to the immediate 
removal from the wards of all excreta, dirty dressings, foul linen, &c. 

Nothing that can possibly give off anything to the air should be allowed to 
rtmiain a single moment. Ilressings of foul wounds should bo siiriiiklod with 
deodorants, and charcoal bags suspondcMl round the bed. 

(d) The walls should be of impermeable material. Cements of different 
kinds are now used, especially Parian ; large slabs of prop(‘rly col(Ujr<i<l tiles, 
joined by a good cement, and good Portland ceimmt well paiute<l^ would, 
however, he bcjttiir. Parian cracks and spaces form behind it. Ceilings 
should b(5 either cemented or fr(i(iuently limcwashed. Great care should be 
taken with tho floors. On the whole, good oak laid on concrete scumis the 
best material ; but tho joiiungs should be perfect, so that no fluid may jiass 
through and collect below the floor. Possibly it might he wiill to cover the 
floor with a good oil-cloth, or material of the like kind, which would prevent 
substam;os from sinking into tho hoards, and would kissim the, necessity of 
washing the floors, but might*ho itself removed, and froipiently wasluMl. The 
practice of waxing and dry-rubbing tho floors, and other similar plans, is 
iiitonded to answer the same puri)osc. Dr Langstaff, of Southampton, 
strongly recommends paraffin. The paraffin is jrielted and then 2 >uured on 
the floor, and ironed into it with a box-iron, heated from tho interior hy 
burning charcoal ; it penetrates about a quarter of an inch into the wood. Tho 
excess of i>arafliii is scraped off, and tho floor is brushed with a hard brush ; a 
little paraffin in turi)entino is then put on, and tho flooring is good for years. 

(e) The fiiruiture in a ward should be reduced to the minimum ; and, as 
far «as possible, everything should be of iron. Tho bedding should also 
be reduced in size, as mu(*,h as it can be. Thick mattresses should bo dis- 
cardt^d, and tliin mattresses, made easy and comfortable by being placeil on 
springs, employed.! The material for mattresses should ho horse-hair (18 lb 
weight to each mattress), or coir fibre, whicli, on the whole, arc least 
absorbent. Straw, which absorbs very little, is bulky, and is said to he cold. 

* The intrml notion of vertical tubes is also useful, as giving the air an upward direction and 
allowing a considerable supply without draughts. 

•f* When the ceiling is flat tlie outlets may be advantageously placed at the sides close to the 
ceiling, but with a one-storied or upper ward an open roof is better. 

X The wire mattress bedstead, as arranged by Dr Reeil, in use in the Manchester Roval 
Tnhnnary and made by Messrs Chorlton & Dugdale, seems an excellent and very comfortable 
form. 
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All flock and woollen mattresses slioiild bo discarded. Elankets and coverlets 
sliould be white or yellowish in colour, and should be frequently tliorouglily 
aired, fumigated, and washed. 

(/) The arrangement of the water-closets and urinals is a matter of the 



A. Wai-a. 

B. Nurse’s room, with Ward-window. 

C. Scullery. 


D. Water-closet and Ward-sink. 

K. Batli-i*oom and Ablution -room. 
P. Ventilated lobbies. 


gr(iatest nunncnt. Ever}'^ ward should have a urinal, so that the common 
practice of retaining mine in the utensils may be^ discontinued. If tlie urine 
is kept for medical inspection, it should be iji closed vessels. The removal of 
excreta must lie by wahir. In hospitals, nothing else can bo depeiidcHl upon, 
as reganis certainty and rapidity. The hc^st 
arrangement for closets is not the liandlo 
and plug, which very fecible patients will 
not lift ; l)ut a self-acting water siipidy 
connected witli the door, and flowing wIkui 
it is opened. This plan is better than the 
self-acting spring seat, which is not always 
easily depressetl liy a thin patient ; and also, 
by l(*aving the door open, it give.s ns tlic 
iiKiaiis of pouring in any quantity of wato, 
and of thoroughly flushing the pan and pipe. The closets are best arranged 
ill nearly deta<di(id lobbies, at one end of tlie ward, and separatrul from it by 
a ihorougli cross ventilation, as shown in the plan which is copied from Miss 
Nightingale’s work.* 



FiR. 77. . 

Section of Ward to sliow the Red. 



Fig. 78. — Drawing to show Beds and Windows. 


In this way, provided the site of the hospital is originally well chosen, 


* Dr Buchanan has suggested a plan of vertical ventilation in the vestibule, in cases where 
cross ventilation is not avaUable. This, of coui’se, need not be iu a new building, altliouglj it 
might Ije useful in the adaptation of an existing one. The addition of a sloi> sink, for the 
emptying of bed-paus, &c., would also be useful 
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perfect purity of air can be obtained, and the first requisite of a good hospital 
is secured. 

The warming of the air of Hospitals is discussed in the chapter on 
Warming. 

Next to tli(? supply of pure air, and to the measures for preventing con- 
tamination (which embrace construction, ventilation, cleanliness, and latrine 
arrangements), come th(j arrangements for medical treatment. 

Medical treatment includes — 

1. of Food , — ^The diet of the sick is now becoming a matter of 
scientific pnjcision ; and it is probable that every year greater and greater 
importance will be attaclujd to it. Hence the nec(?ssity of a perfect central 
kit(ihen, and of means for the rapid supply of food at all times. I'here is 
more difficulty in doing this than at first appears, as the central kitchon cannot 
supply everything ; and yet there must be no (iooking in the wanls, or even 
near tlnun, as the time of the attiindants should be occu])ie(l in other ways. 
Probably, the best arrangement is to have hot (dosets close to the wards, where 
the food sent from the kitchen can be kept warm, and ready for use at all 
horn’s of the day and night. 

2. The Supply of Watefr. — Hot and cold wafer must be supplied every- 
where, and baths of all kinds should be available. The siipjdy of water for 
all i)urj)oses should be 40 to 50 gallons per head daily. 

3. The Supply of Dnujs and Apparatm, — The chief point is to economise 
the time of attendants, ai^d to enable dnigs and apparatus to be ijrocured 
without delay when needed. 

4. The Nnnsmg anSAtteffulance^ inclmling the Supply of Clean Linen, Jee , — 
The time and labour of the attendants should be expended, iis far as possible, 
in nursing, and not in other duties. Every contrivance to save lal)()ur and 
cleaning should therefore be employed. Lifts, shafts, tramways, and sj^eak- 
iiig-tubes to economise time ; warcls arranged so as to allow the attendants a 
view of every patient j wards not too large nor too small, for Miss Nightingale 
has conclusively shown that wards of from 20 to 32 beds are best suited for 
economy of service. 

5. Means of Open-air Exercise for Patients. — Tliis ought proj^erly to be 
considered as medical treatment. As soon as a patient can get out of his ward 
into the open air he should do so ; therefore, open verantlahs on the sunny 
sides of the warls, and sheltered gardens, are most important. For the same 
reason hospitals of one story are best,* tis the patients easily get out j if of 
two stories the shiirs shoidd be shallow. 

6. In addition ito all these, the supply of air medicated with gases, or fine 
powdem, or various amounts of watery vapour, is a mode of treatment which 
is sure to become more common in certain diseases, and special wards will 
have to be provid(‘d for these remedies. 

The parts of a military hospital are — f 

Patients' Rooms, Wards, and Day-rooms, if possible ; the wards of two 

* 1 Imd never properly estimated the importance of patients getting into the air, and the 
desirability of one-storied buildings for this purpose, till I served at Renkioi in Turkey during 
the Crimean war. The hospital was composed of one-storied wooden houses connected by an 
open corridor. As soon as a man could crawl he always got into the corridor or between the 
houses, and the good effects were manifest. Some of the medical officers had their patients* 
hods carried out into the corridor when the men could not walk. In the winter greatcoats were 
provided lor the men to pnt on, and they were then encouraged to go into the corridor. 

f Hospital space is to be pTOvided for 10 per cent, of tlie force. Lately, since the health of 
the army has been so much improved on home service, it has been ]propoacd to reduce it to 7 
per cent., but it would appear desirable always to have a large hospital space for emergencies 
and for war. 

The Director-General is consulted when a fresh hospital is built. 
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sizes 3 lai^e, i.e.^ from 20 to 32 beds ; and small, for one or two patients. It 
is desirable to have the small wards not close to the large ones, but at some 
little distance. Attached to the wards are attendants' rooms, sculler}^ bath 





The Surgeons-General and Deputy Surgeons-Gencral are ordered to inspect the draiiiaj^c, 
ventilation, w'atef supply, water-closets, latrines, urinals, and sinks of every hospital, and to 
see Uiat the warming and lighting are sufficient, also that the number in hospital is not over 
regulation ; that the excreta of the sick are pronijitly removed from the warrls ; that cleanliness, 
cooking, &c., are properly attended to ; and that the vicinity of the hospital is in good condi- 
tion, and the hospital itself in good repair. 

In general hospitals a sanitary officer is to be appointed ; in station hospitals the me<li<«il 
officer is the sanitary officer, ami hte duties as to inspection are explicitly laid down. 

If any building is selected as a temporary Iiospitul, the sanitary officer, or iin^dical officer in 
charge, is ordered to inspetd it, and to recommeml such alterations as are necessary. 

Convalescent war^ are to be provided when practicable. 
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and ablution rooms, small storeroom, urinal, closets (one seat to every eight 
men.) 

OperaUng-Tmm — Dexid4mise—-A(lministratimi, — Surgeons^ rooms ; case- 
book and iiistnimeiit room ; offices and officers’ rooms. 

JPhar7nacij. — Disj)onsary ; 8torc:-room ; dispenser’s room. 

Culinary. — Store-room ; wine and beer rooiu ; larder and meat room ; 
kitchen ; njom for arranging diets ; scullery, cook’s room. 

WtM/ng. — Wiishhouscj ; dirty hnen store ; baking and fumigating-room ] 
cleaning -room for mattresses. 

Steward's Department — Offices, furniture, linen, utensil, and pack stores ; 
rooms for cleaning. ^ 

The amount of storage room is, for an hospital of 100 sick — ' 

Eedding and store = 200 square feet. Fuel store = 250 square feet. 

Clothing store *100 Foul linen store =120 

Utensil store = 100-200 „ Pack store = 200 „ 

Piovisioii store =100 „ (Jii military hospitals.) 

The above draAving shows the arrangement of the closets and lavatory 
in a military hospital. 

Iho tAvo following j)lans show the arrangemont of the Lariboisiere Hospital 
in Paris,* Avhiidi circumstances have made the type of the so-called block or 



Fig. 80. — LariI)oisim Hospital at Paris. 

pavilion plan ; and of the Herbert Hosjutal, Avhich is the best military 
hospital in this country, or perhaps anywhere. 

The Horlwrt Hospital at Woohvich consists of four double and three single 

^ Tlie new HStel-Dieu, just completed, is ou the same general plan. 
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pavilions of two floors eaph, all raised on basements. Tbere is a convalescent's 
ilay-room in the centre pavilion. The administration is in a separatti block in 
front. The axis of the wards is a little to the east of north. There is a 
corridor in the basement, through which the food, medicines, coals, &c., are 
conveyed, and then, by a series of lifts, elevated to the wards. The t<jiTa(!es 





Fig. 81.-^Groun<l Plan of the Herbert IIo.spital, Woolwich (from Miss Niglitiiigale’s book.) 


on the corridor afford easy moans of oj)en-Sir exercise for tlie j)atients in the 
upper ward, llio wards are warmiMl by two coiitral open fire-i^lacos, with 
desc.ending flues, round which arc air-passages, so tliat the entering air is 
•wanned. The floors arc iron beams, filled in with concret(», and covore.d with 
oak boarding.* 

llof^pitah in the Tropics, 

The Barrack and Hospital Commission, in carrying out th(5 plans of the 
Eoyal Indian Sanitary (Joinmission, snggestt for each sic.k man — 

Suj)(3rficial area =100 square feet, up to 120 in unhealthy districts. 

Cubical space = 1500 feet, or, in unhealthy districts, 2000 f(,*et. 

It is also directed that hospitals should consist of two divisions — 1st, for 
sick ; and 2d, for coiivahiscents. This latter division to hold 25 per cent, of 
the totfil hospital inmates. 

Each hospital is to be built in blocks, to consist of two flooi*s, the sick and 
convalescents to sleep on the upper floors only ; each block to hold only 20 to 
24 beds. ' 

The princij^les and details are, in fact, identical with those already ordered 
for the home stations. 

Hospitals for hifectioxis DisecLses. 

Fever and small-pox hospitals have been long established in many largo 
English towns ; but witliin the last few years it has become usual for all 
tow 2 ts of any size to put up some temporary hospitals during an outbreak of 

* The arrangement of the Pavilions may be varied in many ways ; for different fonuwS of 
arrangement see the works already cited. 

■f Op, cit. p. 27. 
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cholera, small-pox, relapsing fever, and typhus, and to remove persons ill with 
these diseases, at once from their dwellings. In this way, if there is early 
discovery of the cases, the chances of spread of the disease are greatly 
lessened. 

The Medical Department of the Privy Council issued a Memorandum in 
1872,* pointing out tliat power is given under the 37th section of the 
Sanitary Act, 1866,t to the local hoard, improvement commissioners, town 
council, or yesiry, to provide “ hospitals or te.mporary places for the reception 
of the sick.” It is pointed out that villages should have the means of 
accoimuodating instantly foiir cases of infectious disease in at least two 
separate rooms, and it is considered that a good cottage would answer this 
purpose. In towns a permanent provision is advised to he made,, and the 
following suggestions are made : — The situation to he convenient ; ward cubic 
space, 2000 feet j)er head ; ward floor space per head 144 square feet ; good 
provision for ventilation ; precautions against entrance of foul air (as from 
privies or sinks) ; warming in winter to 60° Fahr. ; keeping cool in summer ; 
means of disposal of excrements and slops, and for cleaning and disinfecting 
linen. 

For temporary emergencies, tents (army liospital marquees) are recom- 
mended, or huts are advised. The huts are described at some length, and 
plans are given of the. huts and of the arrangement. As these are very 
similar to those used by the army in war, reference is mjide to that section, 

(For Hospitals in Time of War, see Book IL) 


* Memorandum on Hospital Accommodation to be given by Local Authorities (signed John 
Simon, 8th July 1872). 

t Now under the 131st and following clauses of the Public Health Act of 1876. 



CHAPTER X. 

REMOVAL OF EXCRETA. . 

We have seen that a regular suj^ply of pure air — in other words, effuient 
ventilation — is required to remove the excreta of the lungs and th(i volat ile 
products of the skin. The solid and fluid excreta from the bowels and tlie 
kidneys ought to be as rapidly and as completely removed as the gaseous 
impurities. 

It is highly probable that to barbarous and inefficient modes of removing 
the excreta of men and of animals wo must partly trace the great prevalence 
of disease in the middle ages, and there is no doubt that many of the diseases 
now prevailmg in our large towns are owing to the same cause. 

When men live in thinly-populated countries, following, as they wdll then 
do, an agricultural or nomade life, they will not expeihmce the consequences 
of insufficient removal of excreta. The sewage matter returns at once to tluit 
great deodoriser the soil, and fertilising it, becomes a benefit to man, and not 
a danger. It is only wlien men collect in communities that the disj)osal of 
excreta becomes a matter literally of life and death, and b(?fr)re it can bo 
settled tlio utmost skill and energy of a people may be taxed. 

llie question of the proper mode of disposal of sewage has been soinowhat 
•^perplexed by not keeping apart two separate considerations. I'he object of 
the physician is to remove as rapidly as possible all exert*, ta from ilwt^llings, 
so that neither air, water, nor sod shall be made impure. The agiiculturist 
wishes to obtain from the sewage its fertilising powers. It is not easy to 
siitisfy both parti(*s, but it will probably be conceded that safety is the first 
thing to be sought, and that jjrofit must come afterwards. 

SECTION I. 

AMOUNT AND PKODUCTS OF THE SOLID AND FLUID EXCRETA. 

Anioimt of the solid and fluid Excreta. 

ITio amount of the bowel and kidney excreta vary in different j)ersons and 
with different inodes of life. On an average, in Europe, the dady solid 
excreta are about 4 ounces by weight, and the dady fluid excreta 50 ounces 
by measure for each male adult. Women and children pass rather less. 
Vegetable pass more solid excreta than animal feeders, but this is cliiefly 
owing to a large proportion of water.* Taking all ages and both sexes into 
consideration, we may estimate the daily amount per head of population in 
Europe at 2^ ounces of faecal, and 40 ounces of urinary discharge. A poj>u- 
latiou of 1000 persons would thus pass daily 156 tt) of solids and 260 gallons 
of urine, or in a year 25 tons of faeces and 91,250 gallons (14,646 cubic feet) 
of urine. Letheby gives the mean amount per head as 2*784 ounces of 
fajces and 31-851 ounces of urine. In a mixed population of 1000 persons 

* Mr Fawens’s exx>erinnents on Bengalee prisoners give an average bowel excretion of 32 
ounces, and in Bombay Dr Hewlett found the alvino discharges to be quite as lai^e. ■ 
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of different sexes and ages, Lethel^y has calculated that the daily discharge 
of the whole town will he 2266 Ib avoir, of imne and J77'5 ff) of faicos. 

Frankland estimates the mean daily amount per head as 3 ounces of feces, 
and nearly 40 ounces by measure of urine. In adult males the quantity of 
nitrogen daily discharged by the bowels and kidneys amounts to from 250 
to 306 gmiiis, representing 304 and 372 grains of ammonia. Taking the 
whole population, however, the amount must be considerably less than this. 
I (uahjuLite it as 153 grains of nitrogcm, and Lejtlieby gives it as 155*8 grains, 
or from 186 to 189 grains of ammonia, ^.6^, the mean excretion of all the 
l)opulation is very nearly half the excretion of the adult male. 

Dacompositum of Bawage Matt(n\ 

Frt^^li healthy fecal matter from persons on mixed diet, unmixcd with 
urine, has an acid reaction, and this it retains for a considerable time ; it 
tlien becomes alkaliiie from ammonia. If fi*co from urine, it usually decom- 
])oses slowly, and in hot weather often dries on the surfac^.e, and subsequently 
(ihauges but little for some time. The urine, when unmixcd with fsecid 
matter, also retains its natural acidity, for a variable number of days, some- 
times tliree or four ; sometimes eight or ten, or even longer, and then becomes 
alkaline from ureal decomposition. When the heces and urine are mixed, 
the formation of ammonium carbomite from ureal dec(mq)osition is much 
more rapid \ the solid excreta seem to have the same sort of action as the 
bladder mucus, and the mixed excreta become alkaline in twenty-four liours, 
while the separate excreta are still acid. And in its turn the presence of tlie 
urine secuns to aid th(j decomposition of the solid matter, or tJiis may be 
i:>erhaps from the eifect of the fluid, as pure water seems to at^ almost as 
rapidly as urine in this respect. Pap])enheim’*^ states that the absorption of 
oxyg(ui by the fseces is greatly increased when urine is added. WTien th(i . 
solid excreta and urine are left for two or three weeks, the mixture Ixjcomes 
usually extremely viscid, and this occurs, though to a less extent, when an 
(i(]ual quantity of jmre water takes the phice of urine. The viscidity is pre- 
vented by carlxdic acid. 

When the solid excreta (unmixed with urine.) begin to decoinj)oso, they give 
out very foetid substances, which arc no doubt organic ; sulj)buretted hydrogen 
is seldom detected, at any nxte by the common jdan of suspending j)aper soaked 
in leatl solution above the decomposing mass. When beat(‘,d, a large quantity 
of gas is disengaged, which is inflammable, and consists in great measure of 
carlniretted hydrogen. When (instead of being dry) urine is present, 
ammonia and foetal organic matters are disengaged in largo quantity. Wlien 
Avater is also present, and if the tenn)erature of the air is not too low, not 
only orgjinic matters but gases are given out, consisting of light carburetted 
hydrogen, nitrogen, and carbonic acid. Sulphuretted hydrogen can he also 
disengaged by heat, and is almost always found in the liquid, usually in com- 
bination Avith ammonia, from Avhich it is sometimes liberated and then passes 
into the air. 

Composition of the Air in Cesspools and Sewers (see page 107). 

Effects of Sewage Effluvia on Health (see page 125). 

SECTION II. 

METHODS OF REMOVAL OF EXCRETA. 

While all Avill agree in the necessity of the immediate removal of excreta 
* Haudb. der Sail. Pol. 2d edit, baud i. p. 72. 
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from dwellings, the best modes of doing so are by no moans settled. It is 
unfortunate that some warmth of controversy has been introduced into tlio 
discussion on this point, and that a feeling of partisanship has arisen. The 
fact is that several methods of removing sewage are aj)p]icable in dilfercMit 
circumstances, and tlieir relative amounts of utility dejjend entirely on the 
condition of the particular place. 

The different plans may bo conveniently divided into — * 

1. The water method. 

2. The dry methods. 

Before noticing these plans, it will be convenient to make a few genciial 
observations on sewers. 


Sewers. 

Sewers are coniluits employed to remove wtisto water 'and waste products 
suspended in watc'.r from houses, or to ciarry away rain. Among the waste 
})ro(lucts may be the solid and liquid excreta of men and animals, or tlie 
refuse of tmde and factory operations. Or sewers may be used merely for 
the conveyance of dirty house water, without the admixture of excreta or 
trade refuse. 

It is quite impossible that any town or even any single largo house can l)e 
properly freed of its waste house water without sewers, and in a more or l(^ss 
perfect coudition, they are to be found not only in all modern, but in niost 
ancient cities. Originally, no doubt, tluiy were mere surface chanmds, as they 
are still in many towns ; but for the sake of appearance and inoffensiveness, 
th (3 custoni^ must have soon arisen of placing them underground, nor in 
modern towns could they now ho arranged otherwise. In some largo towns 
^there are even hundreds of miles of sewcjrs constnicted often with gre^at skill 
^ and science, and they serve in some instance as the channels not only for 
rain, but for natural streams which have bc^en enclosed. 

The sewers form thus in the subsoil of towns a vast network of tubes, 
connecting every house, and converging to a common outlet where their con- 
tents may he discharged. 

In some towns the sewers carry away none of the solid oxcjreta, though 
probably urine enters in all cases. In most towns, however, solid cixcrohi in 
greater or less quantity enter, owing especially to the prevalent use of 
watei*-(*losets, or to the drainage of middens and manure heai)S. 

Whether the solid excreta ])ass in or not, the liipiid in the sewers must 
always contain either suspended or dissolved animal and vegetable math^rs 
derived from the refuse of houses. It is generally warmer than the water of 
stnjams, and is of no constant composition ; sofnetimes it is very turbid, and 
highly im])ure ; in other cases it is hardly more impure than the water of 
surface wells. The suspended matters are, however, generally in larger pro- 
portion than the dissolved. 

In some cases the sewer water is in greater amount than the water 
supplied to the town and the rainfall together. This arises from the subsoil 
water finding its way into the sewers. 

One ton of London or Rugby sewage contains only from 2 lb to 3 lb of 
solid matter (Lawes).t 

* Dr CorfieM's work (A Dij?est of Facts Relating to the TrcatiTieut and Utilisation of Sewage, 
by W. H. Corficid, 2d edit, 1871) will bo found to give a gooii summary of this subject. See 
also ]^,port of a Committee appointed by the President of the I«ocaI Government Uoaivl to 
inquire into the several modes of treating Town Sewage, London, Eyre and Sjjottiswoode, 
1876. 

+ For tbe composition of sewer water see Way, Second Report of Common Sewage of Towns, 
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The average composition of sewer water in towns with water-closets is, 
organic matter, 27 '72; nitrogen, 6‘21 ; phosphoric acid, 1'57 ; potash, 2*03 
grains i»er gallon.* 

The, Kivers Pollution Commissioners give 7*28 grains of organic nitrogen 
X)er 100,000 jjarts, or 5*41 grains per gallon ; the moan amount of ammonia 
is 6*703 per 100,000, or 4*695 grains per gallon. 

Uu(h*r the microscope, sewer water contiiins various dead decaying matters, 
and in acitlition multitudes of Bacteria and amoehiform bodies, as weU as 
some ciliated infusoria, especially Paramecia. Fungi (spores and mycelium) 
are seen, Imt there are few Diatoms or Desmids, and not many of the 
hightir animals, siudi as rotifera. 

A controversy is still going on, whether the solid excreta ought to lie 
adjnitted into the sewers. The point is virtually practically decided in 
many towns in tliis country by the general use of water-closets, wliicb cannot 
now in Uivac. towns bo supers(3(led by any plan yet proposetl. It is, however, 
nn o])oii ([uostion, whether, if all the arrangements could be commenced 
df. novoy tlie admission of the solid excreta would be proper. 

Tlie arguimuits for and against this view will presently be stated. 

Whether the solid excreta are allowed to pass in or not, it is (dear that 
the dirty water of the sewers must in some w*ay be disposed of. It is in 
every case more or less impure, containing animal and veg(i table substances 
in a state of commencing decay, which passes readily into i)utrcifaction. The 
readiest mod(3 of getting rid of it is to ]>iiss it into streams, where it is at 
011(30 subjected to the influemee of a large Ixjdy of water, and whciie the solid 
inattcjrs either become slowly oxidised, or form food for fishes or water ]daiits, 
or subside. Altbougb from an early period streams w(*re thus contaminated 
and tluiir water originally pure was thus rendercjd unfit for nsfe, it is only 
lately that a strong oi)position has arisen to the discharge into streams. 
This is owing partly to the greater pollution and nuisance caused by the^ 
more common use of water-clos(}ts and the largely inciadasilig trader of tlie 
country, which causes more refuse to be sent in, and partly to the evidence 
whi(di lias be(‘n lately brought forward of the diseases which iiro caused by 
drinking wabu’ made impure in ibis way. To ])reveiit the nuisance and 
danger caused by the xioilution of streams, many actions at law have been 
brought, and in some cases special Acts of Parliament liave forbidden the 
discliargo of s(JW(3r water into cm’tain rivers imtil after cffi(3ient iiiirificatioii. 
Th(* Rivei's Pollution Act of 1876, now deals with the question, its provisions 
having come into operation on tlie 15th Aug. 1877, 

Uj» to a ciii-taiii point, there would jirobably be a general agreement as to 
the ] principle on wbicb this dillunilt cpiestion should be dealt with. Animal 
substances in a stai(3 of decay can be best prevented from coiibiminating the 
air, the soil, or the water of streams, by imitating the ojierations of nature. 
Ill tluv endless cycJe of physical change, dectiying animal matters are the 
natui’al food of plants, and plants again fonn the food of animals. 

It so haiipiiiis that, Avith the exception of some mineiid trades, the waste 
pro(lu(3ts of wliiidi are hurtful to agriculture, many of the substances contained 
in the sewer water of our towns are adapted for the food of ])lants, and we 
si‘.(un on sure ground when we decide that it must be coiTect to submit these 
niatt(irs to the action of plant life, and thus to convert them from dangerous 
imjnirities into wholesome food. 

The dilficulty is, however, with the application of the imncqde, and at the 


18(51, p. 69, et seq. ; Letheby, The Sewage Question, 1872, p. 135 ; Report on Town Sewage 
187(5. 

* J^etbeby, op, dt. p. 138. 
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present moment there is the utmost diversity of opinion on this point. It 
seems, however, that we may divide the opinions into two classes. Accord- 
ing to one opinion, the proper mode is to bring the waste water of towns, 
when it contains fertilising matters, at once to the ground, and after the arrest 
of substances which may block the pipes, to pour it over the land in such a 
way as may be best adapted to free it from its impurities, and to bring it most 
rapidly and efficiently under the influence of growing plants. 

The other opinion objects to this course on two gr<junds ; first, that the 
substances are not brought to the ^ound on the most convenient form for 
agriculture, and also tliat the plan entails evils of its own, arising from the 
immense quantity of water brought upon the land and from the difficulty of 
efficieiit management. The advocates of this second view would, thiirefore, 
us(} some plan of separating the impurities of the water, and would then apply 
them in a solid form to tlie land, or use them for some other purpose, as in 
0(311 oral Scott's plan of adding the materials for cement and then making this 
substance. The purified water would then be filtered tlirough Luid, or j^assed 
into streams without further treatment. 

In the case of the sewage water containing materials not adapted for agri- 
culture, both parties would deal with it in the same way, viz., purify it by 
chemical agencies or filtration, and then allow the water to flow off into 
streams, while the solid products would be disj^osed of in the most convenient 
way. 

These general views apply to any sewer water, whether it contains solid 
excreta or not, although if these excreta can be pc^rfeiitly excluded the sewer 
water is less offensives. It has hitherto been often poured into streams with- 
out previous purification, though now this practi(;e is prohiliited by law. 

The sewers of a town are for the most part iLsed also to carry off the rain- 
fall, and, indeed, before the introduction of watijr-closots, they were used only 
for tliis purpose, and for taking away the slop and sink water of houses. In 
countries with heavy rainfall, and in this country in certain cases, the rain- 
fall cliaiinels are distim^t from tlie sewers, and the outfalls may he in an 
entirely different direction. This is sometimes called the “ separate system.” 

Eemoval op Kxcrbta by Water, 

I'his is the cleanest, the readiest, the (piickest, and in many cases the most 
inexjiensive method. The water supplied for domestic purposcjs, and which 
has j)()ssil)ly been raised to some height by steam or liorse power, gives at 
once a motive force at the cheapest rate ; while, as channels must necessarily 
be made for the conveyancjo away of the waste and dirty water, which has 
been used for dom(3stic purposes, they can be used with a little alteration for 
excreta also. It would be a waste of economy to allow this water to ptiss off 
without applying the force which has been accumulated in it for another 
purpose. 

But if this is obvious, it is no loss so that ce/tain conditions of success must 
be present, without which this plan, so good in jirinciplo, may utteily fail. 
These conditions are, that there shall be a good supply of water, good sewers, 
ventilation, a proper outfall, and means of disposing of the sewer water. If 
these conditions (iannot bo united, we ought not to disguise the fact that 
sewers may give rise to no inconsidorablo dangers, For what are they? 
They arc underground tubes, connecting houses, and allowing possibly, not 
merely accumulation of (3xcreta, but a ready transference of gases and organic 
molecules from house to house, and occasionally also causing, by bursting, 
contamination of the ground, and poisoning of the water supply. And all 
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these dangers are the greater from being concealed. It is probably correct, 
as has been lately pointed out, that in <leop-laid sewers the pressure inwards 
of the water of the surrounding soil is so great as frequently to cause an inflow 
hito the sewer, and so prevent the exit of the contents ; but in other coses, 
the damage to the sewer may be too great to bo neutralised in this way, and 
in the instamio of superficially laid and choked-up pipes, the pressure outwards 
of till) contents m\mt be considerable.* The dangers of sowers are therefore 
so great that many peraons are inclined to tliiuk their use an entire mistake, 
but this is probably going much too far if the securities above noted can be 
obtained ; these securities are, a good supply of water, properly constructed 
and well ventilated sewerp, and means of disposal of the sewage water. If 
these three conditions can be brought together, sewers for excreta are not 
hurtful. 

Amount of Water for Sewers intended for Excreta, 

Engineers are by no means agreed on the necessary amount. In the 
chapter on Watbu, I named 25 gallons per head per diem, on the authority 
of Mr llrunol, as the amount required to keep common ^wers clear,* and oven 
with tliis amount there should be some additional quantity for flusliing. But 
in some cases, a good fall and well-laid sewers may require less, and in other 
Ciises, bad gradients or curves or workmanship may require more. It is a 
<picstion whether rain water should be allowed to pass into sewers; itwfishes 
the sewers thoroughly sometimes, but it also carries debris and gravel from 
the roads, whicih may clog ; while in other cases, storm waters may burst the 
sewers, or force back the sewage, f 

Comtmetion of Seicers, , 

Stowers are differently constructed according to the pur2)oses they are to 
servo, wh(?ther simply to ciirry off house and trade water, or the solid 
excreta in addition, or one or both, with the rainfall. 

In following out the subject, it will be convenient to trace the sewers from 
the houses to the outfall. 


Home Pipes and Drains, 

It will bo convenient to call the conduits inside the house, which run from 
sinks and closets, “ house pipes,” and to give the term “ drain pipes ” to the 
conduits which receive the house pipes, and carry the house water into tanks 
or main sewers. The house pipes may be divided into sink and water-closet 
or soil pipes ; they are made of metal (lead, iron, or zinc, or two of these) or 
of earthenware. The drain-pipes are usually made of well-burnt, hard, 
smooth, glazed earthenware. J All bricks, porous earthenware, or substances 
of the kind, should be considered inadmissible for drain pipes. Iron pipes, 
unless thoroughly cemented inside, arc not good.§ The pipes and drains 

♦ In Frankfort tho sewers were made with good and well-cemented bricks, and yet Petten- 
kofer found a stream of water in tliem before the sewer water had been allowed to enter. On 
the other hand, in Munieh, in a sewer of common brick and cement, the water flowed out so 
fjist that a flask of 7.50 C.C. was filled in fifteen minutes (Roth and Lex. op. cU. p. 430). To 
avoid tlie entrance of subsoil water, a plan has lately come into use in this countiy of having 
an under drain for the subsoil water, and pipe drains of this kind are now matte by Messrs 
Brooke of Huddersfield. 

t Storm overflows require to be provided ; for a description of them see. Bailey Denton, op, 
cit. sections Ixii. and Ixxxv. 

t Mr Baldwin Latham cautions us to see that the socket of the drain-pipe is made with, 
and is a component part of the pipe, and not merely joined on. 

§ Perhaps BarlFs process may-become applicable. Iron pipes with lead joints are found 
good among trees, the roots of which often penetrate the joints of earthenware pipes when not 
carefully laid. Concrete is also well spoken ot Coating the pipes and joints with coal-tar 
prevents (according to Mr Mechi) the penetration of weeds and roots. 
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vary in size from 4 to 16 inches diameter,* hut the usual size is 5 to 8 inches ; 
they are round or oval in shfipe-f 

Connection of House Pipes with the Drains , — It is customary to commeiicc 
the drains at the basement of the house, and the sink and closet pipes pass 
down inside the house and join on; a water-trap being plac(3d at the junction.J 
As the aspiratory power of the^ warm house is then constantly tending to draw 
air through the water-trap, and as the trap is liable to get out of order, it is 
mast desirable to alter -this plan. The drains should end outside the house, 
and as far as possible every house pipe should paas outside and not inside or 
between walls to meet the flrain. The object of this is that any imperfection 
in the pipe should not allow tlie pij^e air to pass into the houses. At the 
junction of the house pipe and drain, there shoiUd not only be a good water- 
trfip, but one of the plans proposed by engineers should be adoi)tcd, by means 
of which there is a complete ventilation and connection with the outside air at 
the point of junction. The rule, in fact, should bo, that the union of any 
house })ipe whatever with the outside drain should be broken both by water 
and by ventilation (s^ page 371). In addition, it should be a strict rule*, 
that no drain pipe of any kind should pass undc^r a housii ; if there must be 
a pij)e i)assing from front to back, or the rev(U‘se, it is much better to take it 
above the basement ^ floor than underneath, and to have it exposed 
throughout its course. It is hardly possible to insist too much on the 
importance of this rule of disconnection between house pi])es and outside 
drains. Late events have shown what a risk tlie riclu^r classes in iliis 
country now run, who not only bring thc3 sewers into the hous(is, but multi- 
ply water-closets, and often put them close to bedrooms. The simple plan of 



Fig. 82.-~Jenning’a Access-pipe. Fig. 83. — Stilfs Access-pipe and 

J imctiou. 



Fig. 84.--Doulton and Watt’s Acccss-pi|3e, 

disconnection, if properly doiu*, would insure tlu'.m against the otherwise cer- 
tain danger of sewer air entering the house. Houses which have for years 

* Pipes arc made np to 36 inches, usually round up to 16 or 18 inches, and oval above that. 
Engineers are now desirous of restricting the terra drain'’ to n pipe that merely draws off 
moisture ti*om land, using the term “sewer” fora pipe carrying sewage or liquid refuse of any 
kin<l. This distinction, however, has not been mntle in the Public Health Act of 1875, and I 
have therefore made no alteration in the text. (See Dailey Denton's Sanitary Engineering, p. 16. ) 

+ I may refer to a useful little work by Mr William Eassie, called Healthy Houses (2(1 
edition), for much information on this and kindred suhtects. Some of the drawings given In re 
have been copied from Mr Eassie's work, by hi8 5permissioi> ; reference m.*iy also be made to 
Sanitary Arrangements for Dwellings, by the same author. 

X Builders are always anxious to conceal tubes, aud thus carry them inside the walls, or in 
the case of hollow walls, between the two. The consequence is that any escape of air must be 
into the house. T liave known a case in which the leakage of a closet pipe carried down in a 
hollow wall constantly contaminated the air of the house. It would be infinitely b(^tter to 
nm the pipes at once through tlie wall to tlie outside. Few persons have any idea of tlie care- 
lessness of plumbers’ work — of the bad junctions, and of the rapidity with which pipes get out 
of order, and decay. When a leaden pijie carrying water is led into a water-closet disdiai’ge 
pipe, it is frequently simply puttied in, and very soon the dned putty breaks away, and tlu^re 
is a complete leakage of gas into the house. Even if well-joined, the lead i>ipe will, it is said, 
contra^ and expand, and thus openings are at last formed. Dr Fergus of Glasgow has 
directed particular attention to this, in the case of lead closet pipes, which become easily 
perforated, and which have only a limited duration of wear, 

2a 
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been a nuisance from persistent smells have been purified and become healthy 
by this means. 

Cleanintj of Pijwa and Drains . — Pipes are cleaned by flexible bamboo or 
jointed rods with screws and rollei*s to loos(m sediment. But for perfect safety 
it is desirabhs to have drain pipes which can be opened at intervals by means 
of lids or caps. Several kinds of pipes of this kind (“access-pipes”) are now 
made, and Mr Eassi(i states that many arcliitects always include them in tlieir 
specifications. Drain pipes should also be ’^cleared out by regular flushing, 
carried out not less often than once a month. 


Fijc. 85. — Junctions. 


Laying of Dnum . — They should bo laid very carefully on concrete in all 
loose soils, and on well-worked puddled clay in clay soils. Sometimes, iii 
very loose soils, even piling for the de 2 >th of a foot must bo used besides the 
concrete. When pipes are not laid on a good foundation, leakage is sure to 
occur sooner or later, and tlie final expense is far more th.'in the first outlay 
would hav('. beien. "i'he greatest care jnust be takciii in laying and joining the 
pipes. In a wet soil, a good jdan is to have a firm basis, which is itself per- 
forated to carry off subsoil water, and to put the drain over this as in the plan 
of Messrs Brooke and Son of Huddersfield (see fig. 96). 

V The “jiiiuition ” of pipes is accomplished by 

OO si)ecial pij)es, known by the names of single and 

S / \ I double s<|uares, curved or oblique junctions, ac- 

^ y cording to the angle at wliich one ])ipe runs into 

Q ntXin oth(5r. The square junctions are undesirable, 

7 11 ^ ^ blockage will always occur, and tlie oblique 

W LJ I Lr junctions should be insisted upon. Wlien one 

g l^^l^® 02)0118 into another, a tai)er pii)e is often used ; 

— j calibre being contmeied before it* enters the 

or f receiving piiie. 

ig. .j. nm. ions. Pipes . — 1 in 48 is frequently 

given, or | inch in very yard ; a fall of 1 in 65 in drains of 6 inches diameter, 
and 1 in 87 in drains of 8 inches diameter, will give a velocity of 220 feet 
2 )er minute. Mr Eassie says “ the best ])ractice is to allow a fall of 2| or 3 
inches to (ivory 10 feet,’’ that is about 1 in 40. 

House-Traps .— the tra})s are usually the only safeguard against the 
warm house draudng sewer air into it, the utmost attention is luicessfiry to 
insure their efludemiy. Theni is almost an infinite diversity, but they can be 
conveniently divided into the sy 2 )hon, the midfeather, the flap-trap, and the 
ball-trap. 

I'he syjilion is a dee 2 )ly-curve(l tube, the whole of the curve being always 
full of water. It is a useful teq), and efficient if the curve is dee}) enough, 
so that there is a certain depth of wat(3r (not less than f inch) standing above 
the highest level of the water in the curve, and if the water is never sucked 

T out of it, and if the pipe is not too small, so that the water 
is (3arric3d away when it runs fuU, by the sy 2 )hon action of 
tlio pipe beyond. 

The midfeather is in princi 2 )le a syphon ; it is merely a 
round or square box, with the entry at one side at the to2), 

I J inul the discharge-pipe at a corr(3S2)onding height on the 

opposite side, anil between them a j)artition reaching below 
Fig. 86.— Antill the lower margin of both pipes. Water, of course, stands 

receptacle to the height of the discharge, and 
therefore the 2 ^artition is always to some extent under water. 
The extent should not bo less than three-fourths of an inch. Heavy 
substances may subside and collect in the box, from which they can be . 


Fig. 86. — Antill 
'J’ra]> and Lock 
(Irate. 
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removed from time to time. The common hall-trap, with its modifications, 
is a variety of the midfeather-trap. I figure a good kind of common sink 


trap. 

The flap is used only for some drains, and is merely a hinged valve which 
allows Abater to pass in one direction, hut which is so hung as to close after- 
wards hy its own weight. It is intended to prevent the reflux of water into 
the secondary drains, and is supposed to prevent the passage of sewer gas. 
Hut it is probably a very imperfect block. 

The ball-trap is used in some special cases only ; a ball is lifted up as the 
wattir rises, until it impinges on and closes an orifice. 

However various may be the form and details of the water-trap, they can 
be referred to one or other of tluise patterns. 

Effickney of Traps, — Sup[)Osing, of course, they are properly laid, a trap 
is efli(jieiit, if water stands in it to the height of f inch above ojienings, if 
water passes through it sufiiciently often, and with force enough to clear out 
the receptacle and renew tlio water in it. Hut traps are often imjfiective — 
Isf, Prom bad laying, which is a very common fault. Prom the water 
getting thoroughly impregnated with soAver cflluvia, so that there is escape of 
effluvia from the water on the house side. P>om the water passing too 
seldom along the pip(^, so that the trap is cither dry or cloggijd. ifk, Prom tlie 
pipe being too small (2 or 3 inches only) and “running full,” which will some- 
times suck the Avater out of the trap ; it usually occurs in this way, as fre- 
(piently seen in sink traps : tins jiipe beyond the trap lias pcuhaps a very great 
and sudden fall, and when it is full of water it acts like a syphon ami sucks 
all the water out of the trap ; to avoid this, the pipe should be large enougli 
to prevent its running full, or the tra]> should bo of larger calibi’e than the 
rest of the pipe. 5M, Traps may perhaps be inelficient from the jiressuro of 
the sewer air, combined Avith the aspirating force of the house displacing the 
^ water and allowing the air uninterrupted (iommunication betA\^een the sewer 
and tlio lioiiS(}. The extent of the hist danger eminot bo precisely stated. 
P'roin a long se.ries of observations on the pressure of the air in the London 
sowers, Dr llurdon-Sanderson ascertained that, in the main sewers at any rate, 
the ];>n?ssure of tlie S(?Aver air, though greater than that of the atmospliere, 
could never ilis[)lace the Avater in a good trap. In a long house-ilrain Avliich 
got clogged, and in which much deAmlojunent of gjisoous cflluvia occurred, 
tliere^ might possibly bo for a time a much greater pressure, but whethiir it 
Avould he miough to force the Avater back, Avith or Avithout the house suction, 
has not becjii yet expm’imcutally determined. Hut the reasons already given 
show that Ave ought not to place dcpenilence solely on traps,* though they 


are useful adjuncts. In arranging the 
house j)ipes,it is desiinhlo not to carry 
the sink and waste-water pipes into 
the closet soil-pipes, but if it can bo 
done, to let them empty in the open 
air over a grating. In the case of 
soil or water-closet pipes, or of the 




pipe formed by the junction of soil 

«n,i pi,,™ (if .ucb jun,. 

tion cjiiinot be avoided), there must Tmi), by Jennings, 

be also a complete air-disconnection 

between the pijio and drain by means of one of the contrivances now used 


* “ Honestly speaking, traps are dangerous articles to deal with ; they sliould be trcate<l 
merely as auxiliaries to a good draiiinge system." (Eassie.) 



872 


REMOVAL OF FJCCRETA. 



by engineers. At the point where this disconnection is made, there ought to 
bo some easy means of getting at it for inspection. 

There ai'e various plans of disconnecting the house pipe and outside drain. 

The simplest plan is to trap just 
outside the house j to open the 
drsiin on the side of the traj) most 
distant from the house, and to carry 
up a 4-inch pipe to as great a height 
as can be managed. 

In Mansergh’s “ ventilating trap ” 
there is a small trap connected with 

the house T)ipe, and a larger one con- 
Fig. 89. -Molebwo^th^ai^Trap. B, House pipe, a, nnnn<;it«^ 

Cxvatiiig to i*eceive oveitlow of rain-pipe, and to Wltil tUe drain pipe, oppOSlU/ 

allow efllux of gas if the water-trap is force<l. to which IS a ventihitmg pipe of 4 
c, Hrain. inches diameter, running up to the 

top of the house. Between the house pipe and the drain pipe is the water of the 
trap, surmounted by a gmting to the open air. Anotlujr plan is, to have a 
syphon or midfeather-traf), with a grating over the water in the trip Avhich is 
iKiarest the house. The rain-water pipes, and the pipes carrying merely waste 
washing or bath-water, can open over this grating. If the sewer air is forced 
back, it will rise through the grating in all probability, or if drawn into the house, 
will he much diluted. One advantage of this jdan is, if tlie trap gets dry or 
clogged, and foul air passes tlirough the gi'ating, it is soon det(Jctod, and th<i 
trap is examiiie<i. Prohissor Koynolds* has suggested an arrangement which 
seems very good and simple. 

A man-hole is sunk about two feet S(piare, to the outside dr^in, and an 
oj)(5n cemented trough is formed of the same width as the drain ; the house 
pipe on one side ami the drain on the otln^r are connected with the trough, ^ 
but are depressed so that the water abxnds in the trough half-an-inch liigher * 
on the sewer side, and one inch above the mouth of the pipe on the house 
side. There is, in fact, a double midfeather water-trap, so to speak, and an 



opening over the water between the two, which will allow gas to escape if it 
forcfis its way from the sewer. 

l^rofessor Eeynolda considers that if this arrangement is adopted no other 
traps will bo necessary, and all the house pipes may be left untrappad except 
the closet pipe. 

A rjun-water pipe may open above the open part of the trough to clear 


* 3«wer Gas, by Osborne Reynolds, M.A., Professor of Engineering at Owen's College. 
Manchester. 2d edition. 1872. ® ' 
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away any scum which may collect in the trough. The plan may he carried 
out more simply by inserting a pipe in the centre of a syphon, and carrying 
this pij)e to the surface, or higher if considered desirable. 

T}ier(3 ar(3 various similar arrangements. The “ Somerset 
Patent Trap,” designed by Mr Honeyman, and much 
used at Glasgow, is a midfeather trap with an airnshaft on Fig. 91. —Syphon 
each side the partition; on one side the shaft ventilates the 
pipe loading to tlie sewer ; on the other, allows fresh air to 
pass into the house pipe. This second shaft also allows the trap to b(^ cleaned.* 
Rain-water pipes are sometimes used to ventilate drains, but independent 
of tlioir s}mdl size, which often leads to blockage, they are often full of rain, 
and cannot act at the time when ventilation is most required. 



Fig. 94.— Doultoii’s 
viilve and Flap 
Road Gully. 

In yards, gully traps of different kinds ai*6 used, the action of which will 
be at once understood from the drawings. 

Exam inalion of Home Pipes and Traps, 

Pipes and trap,s ara generally so covered in that they cannot be insj)ected ; 
but tliis is a bad arrangement. If possible, all cover ajid- skirting boards 
concealing them slioidd be rejnoved, and the pipe and trap iihderground laid 
bare, and every joint and bend looked to. Eiit supposing this cannot he 
(lone, and that we must examine as well as we can in the dark, so to speak, 
the following is th<5 best course. Let water run down the pipe, and see if 
there is any smell ; if so, the pi])e is full of foul air and wants ventilation, or 
the traji is bad. If a lighted candle, or a bit of smouldering brown paper, is 
held over the entrance of the pipe or the grating over a trap, a rellux of air 
may b(j found with or without water being poured down. It should he 
noticed, Jilso, whether the water runs away at onc(i, or if there is any clnH*k. 
This is fdl that can he done inside the house ; but though the pipe camiot be 
disturbed inside, it may he possible to open the earth outside, and to get 
do^vn to find open a drain ; in that case, pour water mixed with lime down 
the bouse pipe ; if the wliitened water is long in appearance, and then runs in 
a dribble mtjrely, the drains want Hushing ; if it is much coloured and mixed 
with dirt, it shows the pipes and trap are foul, or there is a sinking or 
depression in some part of the drain w^hore the water is lodging. The pipe 
should then be flushed by pouring down a pailful of lime and water till the 
limewater flows off nearly clear. 

H8 

some would be i-eally 
Dcutou’s works. 
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Yard-traps are often very foul, and if the trap-water bo stirred, gas bubbles 
out, which is a sign of great foulness, or that the traps are seldom used. 

Main 

The outside house drain ends in a channel which is common to several 
drains, and which is of larger size. These larger sewers are made either of 

round glazed earthenware pipes from 15 to 24 
inches diameter, or of well-burnt impervious brick 
moulded in proper curved shape and set in 
Portland cement, or stoneware bricks are partly 
used. The shape now almost univei-sally given, 
except in the largest outfall part, is that of an 
Fig. 96.~Brooks’s combined egg 'svitli the small end downwards. Engineer 

Drain and Subsoil Pipe. take the greatest care with these bride sewers j 
they are most solidly put togetlier in all parts, find ai*e bedded on a firm un- 
yielding bed. Mudi discussion has taken place as to their size, and the 
general opinion of (ingineers appears to be, that a street or main drain should 
be large enough to allow a man to creep through, but that all other sewers 
should 1)0 smallcjr, and with such a fall as to b(i self-cleansing. 

Sewers should be laid in as straight lines as possibles, with a regular fall ; 
tributary sewers should not enter at right angles, but oblicpiely ; and if the 
sewer curves, the radius of the curve should not bo less tlian 10 times tlie 
cross sectional diameter of the sewer. Sometimes there is an arrangmneiit for 
subsoil drainage under a pipe drain, as in the plan proposed by Mr Brooks. 

Tlie fall for street drtiins is usually from 1 in 244 to 1 in 784, according to 
the size of the drain. The flow through a sewer should in no cjise he less than 
2 feet per second, and 3 is better. As in the house drain, the fall shoidd be 
equable without sudden changes of level.* 

Access to Servers. 

It is of imj)ortance that to all sewem capable of being entered l)y a man, 
there should bo aii easy mode of access. Man-holes opening above, or, what 
is better, at 'tho side, should be provided at sucli frequent intervals, that the 
sewers ciin be entered easily and inspected at all points. Ilie man-holes tiro 
sometimes provided with an iron shutter to prevent the sewer air j)assing into 
the street, or by the side of the man-hole there may be a ventilating chambcjr 
with trays of charcoal, f 

Calculation of Discharge from Seicers.X 

Several formulte have been given, of which the following is the moat 
simple : — 

V = 55x(n/D'x2F)x A. 

V = velocity in cubic feet per minute, 

* D ~ hydraulic moan depth. 

P = fall in feet per mile. 

V A = section are.a of current of fluid. 

To* use this formula, the hydraulic mean depth when the sewage is flowing, 

^ * In 8nnie cases a fall is almost impossible to obtain, as, for instance, at Southport, in I-ian- 
cashire, where the ground is nearly a deaii level. The fall there is about 1 in 6000, and never 
exceeds 1 in 3()00. In such a case the drain would have to be cleaned either by locks or valves 
(flushing-gates) to retain a portion of the contents for a time, and then set them free suddenly 
in oixler to flush the next section. 

f Mr Baldwin Latham joins the sewers in man-holes, so that if one is blocked another may 
be used ; the outlet being at the lower level. 

$ The following table, taken from Mr Wicksteed, will be found useful : . 
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and the amount of fall in feet per mile, must be first ascertained. Tlie 
hydraulic mean depth is Jth the diameter if the j)ipe is running full ; if tlio 
I)ipe is not full, it is the section area of current of fluid divided by the wetttnl 
perimeter. The wetted j)erimeter is that part of the circle of tins pipe wetted 
by the fluid. The fall in feet per mile is easily obtained, as the fidl in 50 or 
100 or 200 feet can be measured, and the fall per mile calculated (5280 feet 
=* 1 mile). Having got these numbers, multiply the hydraulic mean depth 
by twice the fall in feet per mile, and take out the square root. Multi])! y 
this by 55, and the result by the section area. The number obtained gives 
the amount in cubic feet per minute. 

MovoAiient of Air in the Setoers and Ventilation* 

It seems certain that no bri(;k sewer can bo made air-tight ; for on account 
of the numerous openings into houses, or from leakage through brickwork, or 
exit through gratings, man-holes, and ventilating shafts, the air of the tubes 
ivS in constant connection with the external air. There is generally, it is 
believed, a current of air with the stream of water if it be rapid. The tension 
of air in main sewem is seldom veiy dilFerent from that of the atmosphere, or 
if there be much diflerence equilibrium as quickly restored. In twenty-three 
observations on the air of a Idverpool sewer, it was found by Hr Ilurdon- 
Sandemm and myself, f that in fifteen cases the tension was less in the sewer 
than ill the atmosphere outside (/.c., the outside air had a tendency to pass 
in), and in eight cas(‘s the reverse; but on the av(n*age of the whole, tli(*re was 
a slight indraught into the sewer. In the London sewem, on the other hand, 
Sanderson Jioticed an excess of prt^ssure in the sewers. 

If at ayy timci there is a very flow of water into a sewer, as in heavy 
rains, the air in the sewer must be displaced with gieat force, and possibly 


Setters. 

Volocily 


Diameter. 

4 inches 



In feet per 
, DlfllUtC. 

240 

Gradient 

requirctl. 

1 in 36 

6 „ 



. ^ 220 

r 1 

65 

8 » 



220 

. . 1 „ 

*v87 




220 

. ' 1 „ 

* 08 

10 „ 



210 

X „ 

110 

15 „ 



180 

. 1 „ 

244 

18 „ 



180 ... 

X » 

294 

21 „ 



180 . . 


343 

24 „ 



180 

X „ 

392 

SO „ 



180 

1 „ 

490 

30 „ 



180 

1 » 

588 

48 „ 



180 

X „ 

784 


]\Ir Latliam (Lectures on Sanitary Engineering, delivered to the Royal Engineers at Chatham) 


gives a table, of whiclj the following is an extract ; — 


Kate of inclination for velocity per second. 



2 feet. 

3 feet. 

“7 

4 feet. 

li feet. 

6 feet 

4 

1:194 

1:92 

1:53 

1:34 

1:24 

6 

292 

137 

80 

51 

36 

8 

389 

183 

106 

69 

48 

9 

437 

206 

119 

77 

54 

10 

486 

229 

133 

86 

60 

12 

583 

275 

159 

103 

72 


In this table the velocity in feet multiplied by the inclination eniials the length of the 
sewer to which the calculation applies. For example, if the velocity is 6 feet i)er second in a 
pipe whose diameter is 4 inches, then 6 x 24 »» 144 feet is the length of the sewer. 

* For composition of sewage air, see p. 108. 

+ Report on the Sanitary Condition of Liverpool, 1870, p. 27. 
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may force weak traps ; but the pressure of air in the sewers is not appreciably 
afiected by the rise of the tide in the case of seaboard toAvns.* The tide rises 
slowly, and the air is displaced so equably and gradually through the nume- 
rous apertures, that no movement can be detected. It is not possible, there- 
fore, that it can force water-traj)8 in good order. 

On the contrary, tlie blowing olf of steam, or the discharge of air from an 
air-pump (as in some trade op(irations), greatly heightens the i)rcssure, and 
might drive air into liouses. 8o also the wind blowing on the mouth of an 
open sewer must foi-ce the air back with great force. 

It is, therefore, important to protect the outfall mouth of the sewer against 
wind by iiieaTis of a flap, and to prohibit steam or air being forced into sowers. 

To how great an extent it is the openings into houses which thus ri^duce 
the tension of the air in main sewers is diflicult to say, but there can be little 
doubt that a larger eflect is produced by houses which thus act as ventilating 
shafts. 

When a sewer ends in a eul de sac at a high-level sewer, gas will rise and 
press with some force ; at least in one or two cases, the opening of such a cut 
de sac has be.en followed by so strong a rush of air as to show that there had 
been considerable tension. It is also highly probable, from the way in which 
houses standing at the more elevated parts of sowers, and communicating with 
them, are annoyed by the constant entrance of sewer air, while houses lower 
down escape, that some of the gases may rise to the higher levels. 

I'hat no sewer is air-tight is certain, but the openings through which, the 
air escapes are often those we should least deshe. It is therefore absolutely 
necessary to provide means of exit of foul and entrance of fresh air, and not 
to rely on accidental openings. The air of the si'.wer should be plag,ed in the 
most constant connection Avith the external air, by making 02 )enings at every 
point where they can be put with safety. In London there are numerous 
gratings which open directly into tlu^ streets, and this plan, simple and 
apparently rude jis it is, can be adoi)ted with advantage whenever the strssts 
am not too nariow. But in narrow streets the senver gratings often become so 
ottiiusive that the inhabitants stop them up. In such cases, the outpouring 
sender air must be deodorised with charcoal, or there must be ventilating shafts 
of as largo a diameter as can be aftbnied, and running up sufticiciiitly high to 
safely discharge the sewer air.f In some of these cases it may be possible to 
coniuict the sewers with factory chimneys. J The soAver should never be con- 
nected with the chimneys of dwc'.lling-houses. 

In making openings in sewers it seems useless to follow any regular plan. 
The movement of the sewer air is too irregular to allow us U) suppose it can 
ever bo got to move in a single din^ction, though probably the most usual 
course of the air current is with the stream of water, if this be mpid. The 
openings should be placed wherever it can conveniently be done without creat- 
ing a nuisance. 8ome of these openings will be inlets, others outlets, but in 
any case dilution of thq sew'^age elHuvia is sure to be obtained. Mr Eawhnson 
considers tlnit every main sew^e.r should have one ventilator ev(jry 100 yards, 
or 18 to a mile, and this should be a large etfective opening.§ 

• Vide same llej)ort, p. 21, lor the case of Liverpool. Dr Corfield's observation at Scar- 
borough was contirniatory, 

f In Liverpool there are small shafts with Archimedean screws at the, top. From the obser- 
vations of Sanderaon and myself, it appears that these screws do act, but not to such an 
extent as to warrant the expense. 

J It seems inadvisable to erect chimneys and use fires with an idea of ventilating the 
sewers on a general plan, the air would simply be drawn with gi*eut force through the nearest 
openings. But loc^ ventilation by a factory chimney, when gratings cannot be used, is a 
different thing. 

§ Others have recommended one in 50 yards. 
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But there may bo cases when special appliances must be used. For ex- 
ample, in what are called “ sewers of deposit,'* as when the outtlinv of the 
sower water is checked for several hours daily by the tide or other causes, it 
may be necessary to provide special shafts, and the 
indication for this will be the evidence of constant 
escape of sewer-air at particular points* 

Charcoal Trays , — The use of charcoal traps (as re- 
commended by ytenlioiise) in such shafts, or at the 
side of gratings, is becoming very common. The 
charcoal should be in pieces about the size of a small 
bean, and should bo in two or three strata of from 2 to 
3 inches eacih in thickness. It should be protected 
from wet, and wiU then act for years. If too thickly 
laid, or if pressed together, the charcoal intiy impede 
the movement of the air. 

In the city of London, the boxes used by Mr Hey wood are of iron, 1 8 
inc’Les deep and 14 inches wide, and containing six trays, each containing 
(jharcoal piecjos as large as filberts, 2 inches decjp. The sewer gas must j)ass 
through the charcoal and not over it j the air, after passing through tlie cJjar- 
coal, is inodorous ; th(j charcoal absorbs gas(\s and organic matter, wJn<*li it 
oxidises into nitric acid \ it also absorbs a good deal of water, but this does 
not impair its power.* 

Mr Baldwin Latham has invented a very excellent plan. Th('. cliarcoal is 
in a spiral tray, and special arrangements are made to prevent the (jlnmjoal 
getting wet, and receiving dirt from the streets. 

InspeAlimi of Sewers, 

The inspection of sowers is in many towns a matter of gn?at diffic.ulty, oA 
account of the means of access bedng insufficient, and also beciiuse the lengtli 
of the sewers is so great. Still in 82 )ection is a necessity, especially in tJie ohl 
flat sewers, and should be systematically carried out, and a record kept of the 
depth of water, the amount of deposit, and of sewer-slime on the side or roof. 

Choking of and Deposits in Sewers. — Causes — Original bad construction; too 
little fall ; sharp curves ; sinking of floor ; want of water : check of flow by 
tides, so that the heavy parts subside. 

Wtjll-made sewers with a good supply of water are sometimcjs self-cleansing 
and <piite free from deposit, but this is, unfortunately, not always the cast?. 

Even in so-called self-cleansing sewers, it has been noticed by Mr Bawlinson 
that the changing level of the water in the sewers leaves a dej)osit on the 
sides, which, being alternately wet and dry, soon jiutrifies. In foul sewei-s a 
quantity of slimy matter collects on the crown of the sewers ; it is sometimes 
2 to 4 inches in thickness, and is highly offensive. When obtained from a 
Liverpool sewer by Dr Burdon-Sanderson and myself we found it alkalijuj 
from ammonia and containing nitrates, f On inisroscopic examination, tliis 
Liverpool sewer-slime contained an immense amount of fungoid growth and 



Fig. 97.— Cliarcoal Trays 
Sewer Outlet Pipes. 


* Miller, Cliem. News, March 1868. An able writer in the Lancet, May 1872, states 
that for every square inch of surface outlet there should be 50 squai-e inches of charcoal tmys. 
liecent experience has rather discredited the use of charcoal trays ; the charcoal requires to 
be frequently changed and often gets clogged with dust, so as to act as an obstruction. See 
Bailey Denton’s Sanitary Engineering, pp. 218, 214. 

+ Report on the Sanitary State of Liverpool by Drs Parkes and Burdou-Sandorson, 1871. 
Tlie amount of free ammonia was *025 parts per cent. ; the albuminoid ammonia was OO lS-J, 
and the nitric acid *2035 parts per cent. Photographs are given of the microscopic appearances 
of the slime in this report 
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Bacteria, as well as some confcrvaB. There were also acari and remains of 
other animals and ova. 

AVTien deposits occur, they are either removed by the sewor-mcii, or they 
are carried away by flushing of water. 

Flushimj of Servers , — This is sometimes done by simply carrying a hose 
from the nearest hydmnt into the sew^, or reservoirs are provided at certain 
points wliich are suddenly emptied. The sewer water itself is used for flusli- 
iug, being dammed up at one point by a flushing-gate, and when a sufficient 
cpiantity has collected the gate is opened.* Some towns (as I-iC^eds) are 
atlopting self-acting tumblers for water-closets, z.e., water-troughs working 
on an eccentric axis and receiving water at a regulated mte until the trough 
is lill<3d to a certain point ; it then turns over, so that the contents pour 
sud(l(?uly into the closet. It then rights itself, and the water Alls it slowly to 
the proper point again. A plan of this kind is C(|ually applicable to sewers. 

Almost all engineers attach great imj)ortance to regular flushing, and the 
advantage of allowing the rain to enter the sewers is the scouring effect of a 
heavy rainfall which is thus obtained. 

Disposal op the Sewer Water. 

The gr(?at engineering skill now available in all Europt^an countries can 
ensui‘e in the cas(i of any iKiW works that the construcjtion of sewers shall l)e 
perfect. If an engineer can obtain good materials, good workmen, and a 
proper supj)ly of water, thei'e is no doubt that sewem can be so solidly con- 
structed and so well ventilateil that the danger of deposits in the sewers, or 
of sewer air entering and carrying disease into liouses, is lemoved. ^ 

Jhit the difficulty of the plan of removing excreta by watcir really commences 
at the outfall. How is the sewer water to be disposed of? 

This difficulty is felt in the case of the foul water flowing from houses and 
fi^ctories without admixture of excreta almost as much as in sewer water with 
excnjta. dlio exclusion of excreta from sewers, as far as it can be done, 
would not solve the problem — ^would, indeed, hardly lessen its difliculty. In 
seaboard towns the water may flow intt> the sea, but in inland towns it cannot 
be dischaiged into rivers, being now prohibited by law. Independent of the 
contain inatioji of the drinking water, the sewer water often kills lish, creates 
a nuLsaiicc which is actionalfle, and in some (jases silts up the bed of the 
stream. It requires in some way to be pinifled befoie discharge. At the 
present moment the disposal of the sewer water is the sanitary problem of 
the day, and it is impossible to he cerhiin which of the many plans may be 
finally adopted. It will be convenient to briefly describe these plans, 

1 . Starage in Tank, with Overflow, 

The sewcjr Avatcr runs into a cemented tank with an overflow-j)ipe, which 
sometiiiKJs leads into a second tank similarly arranged, the solids subside, and 
are removed from time to time ; the liquid is allowed to nm away. Instead 
of letting the liquid run into a ditch or stream, it has been suggested to take 
it in drain pipes, ^ to 1 foot under ground, and so let it escape in tliis way 
into the subsoil, where it will be readily absorbed by the roots of grasses. In 
a light soil this could no doubt bo readily done ; and, if the drain pipes are 
well laid, a considerable extent of gi’ass land could be supplied by this sub- 
terranean inngation. The tank plan is, however, only adapted for a small 

* Baldwin Latham points out that there is a point of flow in all sewers when they discharge 
inore than when running full. A good flushing power may be obtained at considerably less 
than tlie full discharge. Tables are given in his Sanitary Engineering. 
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fecale, sucli as a single house or small village, and there should be ventilation 
between the tank and the house in iill cases. 

2. Discharge at (»tc£ into Running Water, 

All new works of this description are now prohibited, and the plan will 
probably ultimately cease in this couj^ry.* 

3. Discharge into the Sea, 

The outlet pipe must be earned to low water, and, if possible', should be 
always under water. A tide flap opening outwards is usually provided. If 
not under water constantly, special wire must be taken to prevent the 'vviiid 
blowing up the sewers. The tide will fill the outfall sew'ers (whi(ih are 
generally made large) to the level of high water, and to that extent Avill 
check the discharge, and in the 8ewei*s filled ^vith the mixed sea water and 
sewage therc3 will be deposit. To nunove this special attention is necessar}\ 

If the sewage cannot be got well out to sea, and if it issues in iiaiTow 
channels, it may cause a nuisance, and may require to be piuified before dis- 
charge. In the Eivers Pollutions Act (1876) power is given to prohibit dis- 
charge into the sea or tidal waters under ctjrtain circumstfinces.t 

4. Precipitation, 

Another plan is not to pour the whole sewage into livcjrs, but to preci]>itate 
the solid part, or the gixiater portion of it, and tlum to allow the liipiid to 
pass into the stream or over the land. 

This is sometimes done by simple subsidence, the sowagtj being received 
into settling reservoirs or trenches, witlx straiiwu-s to arn^st the How to some 
extent. When the solid matter has collected to a cerhiin amount, tlie stowages 
is turned into another Reservoir, and the thick part, being mixed with coal 
refuse or atre(?t swe(q>ings, is sold as manure. 

"Jho thill water whicli runs oil must l)e almost as dangerous as the sewag(5 
itself when poured into streams, and consequently the prohibition to discharge 
sewer water extends to it also. 

In order to pro<luce greater purification, the sewage in the subsiding tanks 


* When sewer water passes into a river it uiHlei^ocs consifleruhle inirification by sui)si<lenre, 
by the iiitiuence of water plants, and in a lesser degi’co by oxidation. Although some oxidation 
of nitrogenous oiganic mattei-s into nitrous and nitric acids and ammonia must take place, it 
appears from Fmnkliii’s experiments,* that in the river Irwell, which receives the sewage of 
Manchester, after a run of 11 miles, an<l falling over six weirs, tliere is no fomuitioii of nitrites 
and nitrates, and there is even an iiiciease in the organic nitrogen (?), though the, susi)ended 
matters are less (from 2*8 to 1*44 jiarts per 10,000) than at first. Average London sewage 
diluted with 9 parts of water and syjdjoned from one vessel into another so as t<» represent a 
flow of 96 and 192 miles, gave a percentage reduction in the organic nitrogen of 28*4 ami 33.8 
respectively. The oxidation of sewage appears, then, from the.se experiments, to take place 
slowly. Dr Lctheby considers, however, that oxidation takes place more rapidly, and that if 
sewage is piixed with 20 time.s its bulk of water, and flows for 9 miles, it will bo perfectly 
oxidised. f Of course, it is clear that ova, and solid par^ of the body, like epithelium, might 
be totally unchanged for long grinds, J and we may conclude that oxidation of sewage in 
running water cannot be depended on for i>erfect safety. 

f The word “sti'eairi'' (into which sewage is not to be passed) is defined by section 20 of 
the Act, thus : — ** Stream includes the sea to such extent and tidal waters to such point, as 
may, after local incpiiry and on sanitary grounds, be determined by the Local Government 
Board, by order published in the London Gazette. Save as aforesaid, it includes rivers, 
streams, canals, lakes, watercourses, other than watercourses, at the passing of this Act, 
mainly used as sewers, and emptying directly into the sea or tidal waters, which have not 
been determined to bo streams within the meaning of this Act by such order as aforesaid.” 


♦ Reports of the Commissioner* apiiolntedto inquire into the Pollution of Rivers, 1870, vols.i. il. and ill. 
t Report of East London Water Bill Coinralltce (1867), p. 430, question 732-4. 

t As foi-merly mentioned, I have found unchanged epithelium in unflltered Thames water after a tranjdt 
in a barrel of 80 miles, and after keeping for five months. It was very transparent and worn, but quito 
recognisable. 
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is now usxmlly mixed with some chemical agency which may precipitate the 
suspended matters. 

Numerous substances have been employed as precipitants.* 

Lime Salts. — Quicklime (proportion 8 to 12 grains i)er gallon), or 1 tt) of 
lime for 600 gallons of sewage (nearly) ; chloriclo of lime which is added to 
quicklime in the proportion of about chloride to 1 of lime ; calcic 

I)hosphate dissolved in sulphuric acid, or a mixture of mono- and di-calcic 
phosphate with a little lime (Whitthrei¥V|> patent),! are said to be good pre- 
cipitants. Chloride of calcium has been also recommended. 

Alhu/tnmom Substances. — Aluminous earth mixed with sulphuricj acid (Bird’s 
process) ; impure sulphate of aluminium (Anderson’s and Lenk’s i)rocesses) ; 
refuse of alum works, either alone or mixed with lime or charcoal ; clay mixed 
with lime (Septt’s cement process) ; natural phosphate of aluminium dissolved 
by sulphuric acid and mixed with lime. In all tluise ciises the amount of the 
substance added is from 50 to 80 grains per gallon of sewer water. 

Mafjmsian Salts mixed with lime in the fonii of sux)erphosphates (Blyth) ; 
impurti chloride of magnesium. 

Carbon in the shape of vegetable charcoal ; peat ; se^aweed charcoal ; car- 
bonised tan ; lignite ; Boghead coke. On a small scale cliarcoal answers fairly, 
and the residue is a valuable manure. 

Iron in the shape of sulphate ; perchloride (Ellerman’s and Dale’s liquid) ; 
the sulphate is sometimes mixed with lime and coal dust. 

Manganese. — Condy’s 11 uid. 

Zinc sulphate and chloride. 

The deposit obtained fi*om any of these processes is collechid and (bied. It 
is usu.'illy dried on a hot floor, a stream of hot air being allowed als(^ to pass 
over it. There is some little difficulty in drying it, but this is now being 
overcome. Of these various precipitants the best appear to be the aluminous 
])re])arations ; the crude sulpliate of alumina prepared by Dr Anderson of 
Coventry ; the solution patented by Mr Lenk ; the A, B, C procciss of Mr 
8illar, which consists of alum, blood, charcoal, and cLiy ;X and Mr Forbes* 
sulphuric acid solution of natural jdiosphate of alumina. All inoduce rajud 
subsidence of the suspended matters, and clarify the li([uid to a very groat ex- 
tent. The sulphuric acid also tends to prevent decomposition of the deposit. 
In using these substances the sewage water is received into a tank or well, and 
then^, or on its way thither, receives the preci2)itating agent, wliicli is generally 
mixed by means of a screw or turbine. After thorough mixing, the priicq^i- 
tate is allowed to subside, and the superabundant water is run ofl‘. The de- 
posit is then dug out and dried. After drying the deposit appears to possess 
some agricultural valiie,§ and to be saleable at a price wliich, in som(3 cases, 
leaves a small profit. The profit is never large, and in some instances there 
Inis been even a loss. The clear water from all these processes contains 
ammonia and oxidisjible organic matters, as well as phosphoric acid (in most 

* An interesting account of the precipitating processes is given in a book called The 
Sewage Question, the author of which has had tne advantage of Dr Letheby’s notes and 
analyses. A list of no less than 57 processes or proposals is given at page 38, from which it 
appeal's that the first precipitant was proixised by Dehoissien so long ago as 1762, and was a 
Diixture of acetate of lead and proto-sulphate of iron. 

f This patent was found to give good results in removing suspended matters and organic 
nitrogen, and the Committee of the British Association considered the process deserved 

** further investigation.’' It appears, however, to have come at present to a standstill. 

t T'he proportions are stated to be, 6 grains of alum, J grain of blood, 20 grains of clay, and 
6 grains of charcoal, to 10,000 grains of sewer water. Sometimes a little lime is added. 

§ This never exceeds one-third of the theoretical or chemical value. Thus the product by 
Andei^oii's process at Coventry is estimated thew'etically at 16s. O^d. per ton ; the •practical 
value is only 6s. 6tl. to 8s. 4d. See Dr Voelcker’s Reports, in the Report of a Committee on 
Town Sewage, (1876), p. lx. ct seq^. 
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cases) and potfisli, and it would tlius appear that a considerable part of the 
substances wliich give fertilising power to sewage remain in the effluent water. 

The caustic lime process, when properly applied, appears also to be a power- 
ful precipitant, but the dei)osit has no agricultural value. 

The metallic precipitants of various kinds (iron, zinc, manganese) are more 
exi)ensive and less usefuL Blyth's magnesian process was unfavourably re- 
ported on by Mr Way. 

Wlien the sewer water is cl(jare4 T?y of these phins, is it fit to be dis- 
charged into streams In the ojunion of some authorities, if the precijiitati' 
is a good one it may be so, and it appears certain that in many cases it is 
ch(imically a tolerably pure water, and it will no longer silt up the bed or 
cause a nuisance. But it stiU contains in all cases some organic matter, as 
well as ammonia, potash, and phosphoric acid.* It has, therefpre, fertilising 
powers certainly, and possibly it has also injurious jiowers. No jiroof of this 
has beini given, but also no disproof at present, and when we consider how 
small tlie agencuis of the specific diseases probably are, and how likely it is 
that they riunain suspended, we do not seem to be in a piisition to expect that 
the Avater, after the subsidence of the deposit, will be safes to di'ink. We 
must adojit, I believe here, the plan Avhich is the safest for the community ; 
and the efilueut water should therefore be us(id for irrigation, or be filt(?red 
befor (3 discharge. The clear fluid is well adapted for market gardens ; th(»; 
jflants grown as vegetables for the table are sometimes injured by iTTigati(m 
with unpurified sewer Avater, but they thrive Avith the purified effluent Avatei*. 

In arranging any processes for preeijutation everything must be as simple 
as possible ; there is no margin for expenditure on complicated arrangements. 
• 

Setoiuje Cement, 

Instead of using the dried deposit as manure. General Scott has proposc‘d 
to nuik (3 element, ami for this ])urpose adds lime and (day to th(». sower water. 
The deposit contains so much combustible matter that it ro(iuires lijss coal to 
burn it than Avould otlierwise he the c^ase, and the saving thus eftected enables 
(it is supposed) cement to be sold at a remunerative rate. If this should turn 
out to be the (^asi*., tb(*, sewage cement process has the advantage of destroying 
by fire everything which might be injurious in the deposit, Avliile the eilliumt 
water, wliicli contains rather more than tWo-thirds of the clilorine and three- 
fourths of the dissolved nitrogen, has some value as aii irrigator. At 
present the pecuniary results of the jiroccss cannot be projierly deterinimid. 
General Scott also proposes to use tlie burnt material as manure to lime tlie 
land in sonic cases. 

5. Filtration throitfjli Earth, Charcoal, 

By filtration through earth is meant the bringing of sewer Avater upon a 
comparativ(dy small area of porous soil, which is broken up and comminuted 
above, and is deeply underdraiued, so that the’^sewer water may jiass through 
the soil and issue by the drains. Mr I)yk(3, in explaining the system 
employed at Merthyr-Tydvilf by Mr Bailey Denton, lays down the following 


* Many analyses ai-e given in the First anil Second Reports of the Rivers Pollution Com- 
missioners, from which it appeal's that on an average the chemical processes remove 89*8 per 
cent, of the suspended matters, but only 36*6 per cent, of the organic nitrogen dissolved in the 
litpiid. Mr Crookes’ analyses show that the A B C process, wlien well carried out, removes all 
the phosphoric acid. Voelcker’s analysis of the effluent water treated by the acid phospliato 
of aminina contains more ammonia than the original sewer water, leas organic nitragen by ono- 
balf, and less phosphoric acid ; it is pure enough to be discharged into .straams. 

+ On the Downward Intermittent Filtration of Sewage at Merthyr-Tydvil, by T. J. Dyke, 
F.R.C.S. Eng. 
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conditions : — There should be — a porous soil ; an effluent drain, not 
less than 6 feet from the surface ; 3c/, proper fall of land to allow the sewage 
to spread over the whole land ; and 4//i, division of filtering area into four 
parts, each part to receive sewage for six hours, and to have an interval of 
eighteen hours. He considers that an acre of land would bike 100,000 
gallons per day, though this seems a rather largo amount.* The best soil for 
filtration appears to be a loose marl, containing hydrated iron oxide and 
alumina, but sand and even chalk produce excellent results. Eut in order 
that filtration shall be successful it is necessary that the amount of filtering 
material shall be large ; it must not be leas than 1 cubic yard for 8 gallons of 
sewage in 24 hours,! and in the case of sonui soils must bo more. If the 
drains are 6 feet btdow the surfacie, then an acre will contain 9680 cubic yards 
of filtering material, and at 8 gallons per yard an acre would sufticc for 77,440 
gallons. &ops may l)e grown on the land, and indo(id it is desirable tliat 
they should lie. 

When the filters are too small, they fail to do much good ; and Letheby has 
given analyses which prove tliat small filters may be nearly useless. It 
appeal's nii(lesimhl(j to use charcoal filters on this account, and all filtration 
tlirongli charcoal has been a failure. Spongy iron lias been lately very 
stroi igl y recommended . 

Filtration may be downwards or upwards, but the formijr kind is much 
moixj elHcacious. Upward filtration may be said to b(} now abandoned. 

CowUtion of the Effluent Water , — When 5*6 gaUoiis of sewage were 
filtemd in twenty-four lioiirs tluough a cubic yard of earth, it was found by 
the Kivers Pollution Commissioners that the organic carbon was reduced from 
4*386 parts to *734, and the organic nitrogen from 2*484 parts to *108 parts 
in 100,000. The whole of tlie sediment was removed. IS'itrates and nitrites, 
whicli did not exist bedore filtration, wei*e found afterwards, showing oxida- 
tion. 

6. Irrig(ition,X 

By irrigation is meant the passage of sewer water over and tbrougli the 
soil,\vith tlie view of bringing it as specjdily as })ossil)le under tluj iuliiience 
of growing plants. For this purpose it is desirable that the sewer water 
should be brought to the land in as fredi a state as possible. In some cases, 
as at Carlisle, carbolic acid in small quantities lias b(i(in ailded to the sewage 
in its flow for th(i jairposc of preventing decomposition, and the plan appears 
to be efiectual. The sewer water is usually warmer than the air at all times, 
and will often cause growth e.vtm in winter. 

The elfect on growing plants, but especially on Italian rye-grass, is very 
great ; immense crops are olitained, althougli occasiomilly the grass is rank and 

♦ At Merthyr-Tydvil 20 acres of land were divided into beds, which sloped towards the effluent 
drain l)y a full of 1 in 1,50. llio surface was ploughed in ridges, on which vegetables were sown ; 
the sewage (strained) passed from a carrier along the raised margin of eacJi bed into the fur- 
rows. The effluent water was stated to be pni-e enough to be used for drink. Since 1872 
these filter-beds, as well as 230 acres of other portions of tlie land, have been used as ortlinary 
iiTigation gronmt The effluent water remains bright and pure. (Report on Town Sewage.) 

t 3’he Kivei-s Pollution Com miss ionere give a smaller amount, viz. hi gallons per cubic yaid ; 
but some of their experiments seem to show that we must increase the amount. For example, 
the soil at Beddington was found by them to have a remarkable power of nitrification up to the 
extent of 7*6 gallons per cubic yard in twenty-four hours. But when tliis rate was doubled 
iiitrilication ceased, and the soil became clogged. The beat soil experimented on (Dursley 
soill containing 43 of silica and 18 of oxide of iron, piirilied 9*9 gallons in twenty-four hours 
per cubic yard. But as few soils would bo so good, the limit of 8 gallons is selected in the text. 

X On the application of sewage to land many works have been published. Dr CJorfield’s 
work on the Treatment and Utilriation of Sewage, ai edition, and the Report of the Committee 
of the British Association, 1872, give the best summary of the sulgect. Also the Report of 
the Committee on Town Sewage, 1876. 
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Tather watery. For cereals and roots it is also well adapted at certain periods 
of growth, as well as for market vegetables when the viscid parts are separated. 
When the sewer water permeates through the soil there occur — 1;^/, a 
mechanitjal arrest of suspended matters ; an oxidation producing nitrihcti- 
tiou, both of which results depend on the porosity and pliysical attraction of 
the soil ; and, StZ, chemical interchanges. The last action is important in 
agriculture, and hiis been examined by Bischof, Liebig, Way,* Henneberg, 
Warrington,! and othei's. Hydrated ferric oxide and alumina absoib 
pliosphoric acid from its salts, and a highly basic compound of the acid and 
metallic oxide is formed. They act more powerfully than the silicahis in 
this way. The liydrated double silicates absorb bases. Silicates of aluminium 
and calcium al)sorb ammonia and 2 )otas 8 iuin from all the salts of those bases, 
and a new hydrated double silicate is formed, in wliich calcium is more or less 
perfectly replaced by potassium or ammonium. Humus also forms insoluble 
compounds with these bases. Absorption of i)otash or ammonia is lusually 
attemied with sepanition of lime, which then takes carl)onic acid. 

The soil must be proi)erly ])rej)ared for sewage irrigation ; either a genthi 
slope, or a ridge with a gentle slope on each side of about 30 feet wide,! with 
a conduit at the summit, or Hat basins surrounded by ridges, m’O tlie usual 
j^lans. The sewer water is allowed to trickle down the slo])e at the mte of 
about 8 feet per hour, or is let at once into the flat basin. The water i)ass: 3 S 
through the soil, and should be carried off by drains from 5 to 6 feet dei*,i), 
and thence into the nearest water-coursi?. 

The sewer water should reach the ground in as fresh a state as possible ; it 
is usually run through coarse strainers to arrest any lai^e substances wliich 
find their^way into the sewers, and to keep back the grosser paris which form 
a scum over the land ; it is then receive<l into tanks, whence it is carried to 
tlie land hy gravitation, or is pumiied up. The cnaTiors ” of the sewer 
water are either simple trenches in the ground, or brick culverts, or concreted 
clianncls, and hy imjaiis of simple dams and gfites the water is directed into 
one or other channel as may bo required. Ev<.‘rything is now made as simple 
and inexpensive as jicssible — underground channels and j(jts, hydrants, hose 
ami jets, are too expensive, and overweight the jilaii with unnecessary outlay. 

The amount of land reipiirtid is, on an average, 1 acre to 100 persons; this 
is ecpuil to a sejuare of 70 yards to the side, and will take 2000 gallons in 
twenty-four hours. 

The sewer water isapidied intermittently when the plants arc', growing; hut 
in wintc'.r it is sometimes used constantly, so as to store up nourishment in 
the soil for the plant-growth in the spring.g 

The amount of sewer water which can ho apjdied will vary with the kind 

* Journal of Royal Agricultural Society, yol. xi, 

+ Chemical News, May 1870. Warrington’s paper gives a good resume of the subject, an<l 
many original experiments, and can be consulted for full details. 

X This is the aiTangenient of Mr Hope’s farm at Romfonl. 

$ See an inttiresting paper on the (Ttilisation of the Sewage of Paris, by Sandford Mooic, 
B.A., Assist. -Surgeon, 4tli Dragoon Guanls (Medical Times and Gazette, June 1870). In 
the summer “ arrbsage ” is practised : the land is ploughed in furrows and ridges, and tlie water 
is allowed to flow into the furrows, and not allowed to wet the vegetables which are pla ted 
on the ridges. In winter “colmatage” is had recourse to; the ridges are levelled and the 
entire surface is submerged under sewage water. The sewera of Paris receive only a small part 
of the solid excreta (though most of the urine), but the fluid is highly fertilising. Precipita- 
tion with alum was also formerly ha*! recourse to in Paris, but has now been abandoned. 

For detailed information seethe ^port of the Prefecture of the Seine, ‘‘Sur I’assainisse- 
ment de la Seine.” An alisti'act is given in the Annales ties pouts et Chanssees, and is 
tran.‘*!ate<l by R. Manning, M.I.C.E., (FI. and F. N. Spon.) 1876. Similar works are in pni- 
cess at Berlin and are tlescribed in the same paper. At Brussels, the Senne, during its ])as.sage 
through the city, is no longer used as the main sower, and althougli the sewage is still poured 
into it at a lower point, it will ultimately be disposed of by irrigation. 
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of ground, the amount of rain, and the season of the year. In the year ending 
1871, it appears that, on the Lodge farm at Barking, 622,324 tons of sewage* 
wore applied to 163 acres (nearly), or about 3800 tons per acre. In the six- 
teen months ending December 1872, the average quantity was 3342 tons per 
acre annually. On the most porous part of the farm as much as 960 tons 
have been applied in twelve hours.* 

Comiition of the Effluent Water after Irrigation, 

When the sewer water passes over and not tlirough the soil, it is often im- 
pure, and even suspended matters of comparatively large size (such as 
epithelium) have boon found in the water of the stream into which it Hows. 
It requires, the.refore, that care shall be taken in every sewage iarm that thci 
water shall not escape too soon. Dr Letheby,t whose authority on such a 
question no one can doubt, rates the cleansing power of soil miKjh lower than 
the liivers Pollution Commissioners or the Committee of the British Associji- 
tion, and his analyses make it at any rate quite certain that the proper i)uriii- 
cation of tlie scnver water demands very careful preparation of the gi*ound in 
the first instance, and consbmt care afterwards. But the chemical evidenc(j 
of the good effect of irrigation is too strong to admit a doubt to exist, Jis will 
be seen from the following table. J 


Tahle from the Report of the Rivers Pollution Commissioners. 


Rcsultf? of IiTigati(m, In parts per 100,000. 

Vcrcentnsre of rlissolvccl 
Organic Poilution roniovcfl. 

PercentaKO of 

Orpuiic 

Organ ic 
Carbon. 

Orjcanic 

Nitrogen. 

Pollution 

RcMiovcd. 

On fallow land at Chorley (adhesive loam), 

62-3 

70*2 

100* 

At Edinburgh (both sand and clay), 

45-3 

81*1 

84-9 

Barking (gravelly soil). 

66 8 

86*2 

100* 

Aldershot (light sand), 




Best result, .... 

91-8 

87-3 

99-7 

Woist result, .... 

69*9 

82-9 

87-7 

Average'result, 

80-9 

85*1 

93-7 

Carlisle (light loam), 

77-9 

59*8 

100* 

Penrith (light loam). 

75-0 

77-2 

100* 

Rugby (adliesive soil), 

72-3 

92 9 

96 0 

Banbury (principally clay', 

87-8 



Best result, .... 

91*3 

96-0 

Worst result, 

64*1 

80*1 

90-3 

. Average result, 

76’ 

86*7 

93*2 

Warwick (stiff clay), 

717 

89*6 

100* 

Worthing (loam), .... 

42 7 i 

83-5 

100* 

Bedford (light gravelly soil), 

71-6 i 



Average result, 

81*3 

100* 

Nonvood (clay), 




Average result, 

B5 0 

75*1 

100* 

Croydon (gravelly soil). 

73*2 



Best result, .... 

93-2 

100* 

Worst result, 

Average result, 

61 '6 

90*4 

100* 

67-4 

91*8 

100* 


These results ai*e much better than those of any chemical precipitant, the 
])est i*esiilt of the lime process giving a removal of only 65-8 per cent, of tlie 

♦ Mr Morgan’s Report, quoted in Food, Air, and Water, Dec. 1871. 

t The Sewage Question, 1872, pp. 3-27. 

X The jstanciard of purity which the effluent water should have has not yet been fixed. That 
proposed by the Rivers Pollution Conimissioners, which is based on the method of analysis 
proposed by Dr Frankland, and which is not yet universaUy admitted, was as follows : — 
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organic nitrogen, and the best result of Sillar's (A, B, O) plan giving only a 
percentage of 58-9. They are not quite so good as the downward filtration 
plan, but the difference is not great. 

Do Sewage Imgation Farms affect the Public Health or Public Comfort ? 

That sewage farms, if too near to houses and if not carefully conducted, may 
give off disagre(3able effluvia, is certain ; but it is also clear that in some farms 
this is very trifling, and that when the sewer water gets on the land it soon 
ceases. It is denied by some persons that more nuisance is excited^ than by 
any other mode of using manure. As regards health, it has been alleged that 
these farms may — Ls*^, Give off effluvia which may produce enteric fever, or 
dysentery, or some allied affection ; or, 2fi?, Aid in the spread of entozoic 
diseases ; or, Sd, Make ground swampy and marshy, and may also poison 
wells, cand thus affect health. 

The evidence of Edinburgh, Croydon,* Aldershot, Eiigby, Worthing, 
Eomford, the Sussex Lunatic Asylum, f is very strong against any influence 
in the production of typhoid by sewage farms' effluvia. On the other hand, 
I)r Clouston's record of the outbreak of dysentery in the Cumberland Asylum 
(see page 131), is counter-evidence of weight, and so is one of the cases noted 
by I^thoby, J of typhoid fever outbniak at Copley, when a meadow was irri- 
gated with the brook water containing the sewage of Halifax. 

The negative evidence is, liowevcr, so strong as te justify the vicAv that the 
effluvia from a well-managed sewage farm do not produce ty})hoid fever or 
dysentery, or any affection of the kind. In a case at Eton, in which some 
cases of enteric fever were attribiitod to the effluvia, Dr Buchanan discovered 
that the s^wer water had been drunk ; this was more likely to have been the 
cause. 

With regard to tlie second point, the spread of entozoic disefises by the 


Standard of Rivers Pollution Vommissiomrs. Maximmn of Impurity permissible in 100,000 
parts hy weight of the liquid. 


Dry 
mineral 
mailer in 
Hoipension. 

Dry 
organic 
matter In 
fiiispcnsion. 

. 

Colour, 

In Solution. | 

Ortranlc 

carbon. 

Organic 

nitrogen. 

Any metal ex- 
cept Colciuin, 
Magnesium, 
Potassium, or 
Sodium. 

Arsenic. 

Chlo- 

rine. 

Sulphur 
as Sllxf or 
fiulptiate. 

3 

1 

Shown in a 
stratum of 

1 inch in a 
white plate. 

2 

•3 

2 

•05 

1 

1 


A certain degree of acidity or alkalinity is also ordered not to be surpassed. In the discus- 
sions on the Puldic Health Bill in the House of Commons, this standard, which hart been 
embodied in the BUI, was struck out, and the standard is left to he hereafter determined. 
(No standani is given in tlie Rivers Pollution Act of 1876.) /llje objection to tlie plan is not 
merely the doubt about the substances represented by organic carbon or nitroMii, but also 
because the standard does not take into consideration the volume of water into which the foul 
water Hows. The Thames Conservancy Commissioners adopt a standard for effluent sewage 
as follows : — 

Most not exceed in 70,000 parts. 

Suspended matters, 3 jsirts. 

Total solids, ^2 ** 

Organic carbon, ^ mg ** 

„ nitrogen, 0*75 „ 

* Carpenter, various papers and essays on this subject drawn from the experience of Croy- 
don Sewage Farm. , , 

■ t Dr J. W. Williams, Brit. Med. Journal, llth May 18/2. 

X The Sewage Question,^. 190. 


2b 
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carriage of the sower water to the land, has been thought probable by Cobbold, 
though as solid excrota'from towns have been for some years largely employed 
Jis manure, it is doubtful whether the liquid plans would be more dangerous. 
The special entozoic diseases which, it is feared, might thus arise, are Tape- 
worms, Koundworms, Trichina, Bilharzia, and Distonia hepaticum in sheep. 
Cobbold’s latest observations show that the embryos of Bilharzia die so rapidly 
that, (jveu if it were introduced into England, there would he little danger. 
The Trichina disease is only known at prc^scmt to be produc(‘d in men by the 
worms in the ii(ish of pigs which is eaten, and it seems doubtful whether pigs 
receive them from the land. There remain, then, only Tapeworms and Kound- 
worms for men and Distoma hepaticum for vshoep to be dreaded. With re- 
gard to these, the evidence at j)res(jut is negative ; and though much weight 
must be attached to any opinion of Cobbold’s, this argument against sewage 
irrigation must bo admitted to want evidence from experience.* 

The third criticism ap])ears to he true. The land may becjomo swanq^y, 
and tlie adjacent wells ])oisoned, and disease (aguef and perhaps diarrheea and 
dysentery) ho thus produced. But this is owing to mismanagement, and when 
a sewage farm is j^roperly arranged it is not danij), and the wells do not suffer. 

Objections to Seicers. 

The main olqections am as follows ; — 

1. Tliat as underground channels, connecting houses, they allow transference 
of eflliivia from place to place. The objection is based on good evidence, hut 
it must he said in reply that, if i)ro])er trai>s are put down, ami if air-discon- 
nection, in addition, is made beiw(Hm the outside drains and the hoiise pipe, 
such transference is impossible. The oTgectiou is really against error of 
construction, and not against tlie plan as j)roperly carried out. Besides, the 
objection is equally goo(l against any kimi of sewer, and yet such underground 
comhiits are indispensable. 

2. That the pij)es break and contaminate the ground. Tljis is a great evil, 
and it reipiires care to avoid it. But such strong pipes are now made, that if 
builders would be more careful to make a good bed, and to conm^ct the joints 
linnly, then? would be no danger of leakage?, as far as the; ])ij)e drains are 
concerned, and not much dainago of the main brick sewers. At great depths, 
also, the pressure of the soil water wdll rather cause entry than exit from the 
sewers. 

3. That the wat?r supply is constantly in danger of contamination. 'J'his 
also is true, and as long as overllow ])ipes from cisterns arc carricid into sewers, 
and buildei’s will not take care to make a coiii})lete separation between water 
pi[)OS and refuse j)ipes, then? is a source of danger. But this is again chrarly 
an error in constructive detail, and is no argument against a proj)(ir armnge-" 
inent. 

On TjiK Influence Tup Consthuotion of Sewers has had on the Death 

Kate of Towns. 

Keforence lias almady been made to the possibility of sewers being the 
r.hanm?ls by which enteric fevers and cholera have been propngated from 
house to house, and from which emanations, causing diarrhma and other com- 
plaints, may arise. Admitting the occasional occurrence of such cases, it 


♦ CoLbold lias since witlidrawn his objection. 

+ There is no ague or any other disease traceable to the sewage irrigation at Craigentinny, 
near Edinbuigh . ' ' 



EFFECTS OF SEWERS ON THE DEATH-RATE OF TOWNS. 


387 


rcmfiins be seen whether the sanitary advantages of . sewers may not greatly 
counterbalance their defects. The difficulty of jnoving this point statistically 
consists in the number of other conditions affecjting the hetilth of a town in 
addition to thostj of sewerage. Dr Buchanan* * * § has, however, giviui soinci 
valuabie evidence on this point, which has been well commented on by Mr 
Simon. He inquired into the total death rate from all causes, and the <h*ath 
rate from some particular diseases, in twenty-five towns before and aftcir 
sanitary iiiiprovemeiits, which consisted principally of better wat(>r supply, 
sewerage, and town conservancy. Tlie general result is to show that these 
sanitary improvements have resulted in a lowering of the ileatli rate in 
nineteen out of twenty-five towns, the average itMluction in thesti piineteen 
cases being 10-5 per cent. The niduction in ty})hoid (entorie) fciver was 
extremely marked, and occurred in twenty- one towns out of twenty-four, the 
average reduction being 45*4 per cent, in the deitths from typhoid. In three 
casiis tbeni was an augmentation of typhoid fever, but this was manifestly 
owing to im|>(U‘fection in the sewerage aiTangemonts ; aiifl tliese cases aJlbrd 
excelkmt instances of the nnfavoiirahle part badly-arranged sewers may ])lay 
in this direction.! 

Diarrlicea lias been calso reduced, but not to such an exteait ; and in some 
towns it has increased, while tyjihoid fever has simultaneously diminished.]; 
But the term diarrbtea is so loosely used in the mtiirns as to make any 
detluction uncertain. Cholera epidemics Dr Buclianan considi^rs to liave been 
rendered “ practicially harmless.” The immense significaii(‘e of this stiitement 
will bt? at once ajipreciated. Whether the msult is owing sohdy to the 
seweragi^. or to the inqiroved water supply, which is generally obtained at the 
same tinu^ is not certain. Phthisis, wdiicdi Dr Buchanan and Dr BowditebJ; 
find to l)c3 so much influoncKid by <lampn(?ss of soil, does not aj>]>(?nr to liave 
lieen affected by the removal of excreta at least towns such as Alnwick 

anil Beynmawr, which are thoroughly <lrained, show no lowering in the 
jihthisical mortfility. Nor could ]4r Buclian.iii trace any effeiit on tlie other 
discfiscs of the lungs. 

As far as can bo seen, the effcjct of good sewerage has tlnm'fore been to 
reduce the g(?neral (h'ath mb'., esp(?cially by the reduction of d(‘.atiis from 
ty])]ioid and from cholera (and in soiik*, towns from diarrho'a), but jiarlly, in 
ail proliability, by general improvement of the health, TlKi action luis l>ecn, 
in fact, very much in the direction we might have antici])ated.|| 

It may bo observed, that this inquiry by Dr Buchanan docs not <loal with 
the (piestioii as between sewers and efficient dry methods of ixunoving excreta 
(on which point we possess at present no evidence), but between sewerage and 
the old system of cesspools. 


* Ninth Report of the Medical Officer to the Privy Council, p. 12 et seq. and p. 40. 

+ See the case of Worthing (p. 45), for a striking instance of the spread of tyfdioid througli 
sewers. * 

X Virchow has called attention to the lessening of typlioid. 

§ Ninth and Tenth Reports of the Me«lical Officers to the Privy Council. See esiiccially Dr 
Buchanan’s Report in the last-named work, p. 57. See also chapter on Sotl, p. S3i. 

II The ca.se of Dantzig is a good illustration. Jn the nine years from 1863 to 1871, before the 
town Avus drained ami supplied with pure water, the death-rate was 36-9 per 1000, almost the 
same as in the previous 38 years (1825-62), 36*5. In the five years, 1S7& to 1876, when the 
new drainage and water-works were in lull operation, it w;i.s only 28',5 ; thus tliere was an 
api>arent saving of 3156 lives <luring tlnit period. Cholera has attacked Dantzig eleven times, 
generally severely, and in 1866 it killed 1098 persons. It returned in 1873, hut was unable 
to gain a footing, only 91 j^rsons falling victims to it. Ch|ldR*n being usually the most 
delicate indicators of disea.se, it was found that in the first period, )>eforo the di'ainage, there 
died out of every 1000 inhabitants 13'04 children ; in the second period, after tlie drainage, 
only 10*77 ; or the .Ijbl^of 855 children were saved during the second periml, (Danziga 
^eitung, quoted in Tmqff||>||pyirrt[ili ihrirh ift f. off. Ges. 9ter. Jld. 2te8. Hft, p. 350). 
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Modifications op the Wet Method op Eemoving Excreta. 

Hie Separate System, 

By this term is meant tlio arrangement which carries the rain-water in 
separate channels into the most convenient water-course.* Mr Ward’s 
celebrated phrase “ the rain to the river, the sewage to the soil,” is the 
principle of this plan. Its advantages are that the sewers can be smaller ; 
that the amount of sewer water *to be dealt with at the outflow is much less 
in quantity, more regular in flow, and richer in fertilising ingredients, and is, 
therefore, more easily and cheaply disposed of. The grit and debris of the 
roads also are not carried into the sewers ; and the storm waters never flood 
the houses in the low parts of the town. 

The disadvantages are, that separate channels and i)ipcs have to be provided 
for the rain ; that the rain from all large cities carries from roofs and from 
streets much organic debris which pollutes streams, and that the scouring 
effect of the rain on sewers is lost. 

The adoption of one or other system will probably depend on local condi- 
tions. If a town in Europe lies low, and it is expensive to lift sewage ; if 
land cannot bo obtained ; or if the natural contour of the ground is very 
favourable for the flow of rain in one direction, while it is convenient to carry 
the sewage in another, the separate system would be the best. So also in the 
tropics, with a heavy rainfall and a long dry season, the providing of s<iwers 
large enough to carry off the rain would be too exjxmsive for all except the 
richest cities, and the disposal of the storm water would be difficult. 

In Jill cases in which rain enters the sewers, some plan ought to bo adopted 
for storm waters, f If irrigation is the plan carried out, tlie sti*ver water 
becomes so dilute and so large in quantity in storms, that tlie a])plici\t.ion to 
lanrl is usually suspended, and the sewer water is allowed to pass at once into 
streams. 

In this way the evil which irrigation is inhuided to previmt is produced, 
though, doubtless, the sower water is highly dilute. In London, the storm 
watei*s are allowed to flow into the Thames, special openings being provided. 

The Interception System, 

In many of the continental cities, the fluid and solid excreta fall into a 
receptacle with perforated sides or bottom, so tliat the fluid part driiins away 
and the solid is retained, and is removed from time to time. Such a plan 
may keep the sewers free from deposit, but has the great disadvantage of 
retaining large collections of excreta close to and in many cases immediately 
under or in the collars of houses, and no ventilation can entirely remove all 
effluvia. 

An improvement on this plan is a method proposed by Mr Chosshire, of 
Birmingham, lie places outside the house, in any place where access is easy, 
a comparatively small })ox, connected by trapped pipes with the water-closet 
at one end, and the sewer at the other. The lid of the box is ffxed down 
with concrete or putty, so that the access of air is stopped. Across one end 
of the box is single or double strainer, which allows the urine and water to 
pass, but retains the solids. From time to time the box is lifted out, carted 
away, and another is inserted. The solid matter is almost free from odour, 
as the limited access of air hinders putrefaction. 

* Ontliia subject the works of Mr Menzies, who first described this plan/and of Colonel 
Ewart., R.E. (Report on the Drainage of Oxford, Eton, Windsor, and Abin^on, 1868), will 
be found very useful. 

t Plans for this purpose are figured and described in the worka jj^ Sanitary Engineering, 
by Baldwin Latham, and Bailey Denton. 
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The difficulty about this plan is the occasional blockage of the strainer, so 
that the solid matters remain wet, and may soon fill the box, so that the lid 
may be forced off. The liquid which flows from the box is of course highly 
impiwi with excreta, but the retention of the solids prevents blockage of the 
sewers. At present it can only be said that tliis plan has not been yet 
practically established on the large scale, but is well worthy of extended trial, 
particularly in cases where the difliculties of irrigation axe great. 

Water-Closets and Water-Troughs* 

Water-Closets , — The pan of the closet is usually a cone in' earthenware 
(which is better than metal), and a syphon or flap valve below. In addition, 
there are numerous contrivances for flushing the pan and syphon, and for 
preventing the escape of the air from the soil-pipe into the house.* The soil- 
pipe is usually of cast lead ; but both lead and iron are easily eaten through, 
as shown by Dr Fergus, and earthenware pipes, if strong and well joined, 
would be preferable.! 

The points to be looked to in examining closets are — \d, That the pan is 
nearly a cone, and not a half circle with a flat bottom ; Tliat the amount 
and forc,e of water m sufticient to sweep everything out of the syphon ; 3cZ, 
That the soil pipe is ventilated below the syphon, by being carried up to the 
top of the house ; 4:th, That the junction of syphon and soil-pipe and the 
lengths of the soil-pipe ai*e perfect. 

With respect to water, a pipe from the house cistern frequently leads to the 
closet ; but if so, there is some danger of gas rising thi’ough the pipe. There 
should be a special small cistern for the use of the closet. What are termed 
water-waste preventers are now commonly used, either fed by a cistern or by 
constant suj)p!y. They are bpxes which are emj)tied by a valve into the pan, 
and are then slowly refilled. There aio many kinds, and most of them dis- 
charge from to l| gallon at a time. The amount should not be less than a 
gallon, and the fall should not be less than 3 or 4 feet, so as to insure thorougli 
scouring of th(i soil-pipe.! Tuan ingenious arrangement by Mr Commons 
(based, 1 believe, on an idea of Mr Holland's), the water is stored in an 
inverted iron bottle, the air in which is compressed by the water. When the 
valve is opened, the compressed air drives down the water with groat force. 

The ventilation of the soil-pipe is a matter of im- 
l)ortance, as the water from the pan suddenly displaces 
a large body of foul air, which rises through the syphon 
as the water flows. A small pipe below the syphon, 
running to the outer air and discharging at some point 
far from windows, seems the best arrangement. But 
there ought always to be another opening to the air, 
from which air may be drawn, so as to create a current. 

This may be done, either by a grated trap below, or 
(as in Banner’s plan) by drawing air from another Fig. 98.— Moles worth's 
shaft carried up the house. The currents ifi the two Ventilation of Soil 

shafts are determined by reversed cowls.§ 

* Mr Eassie's work, “ Healthy Houses," gives a good account of the various kinds of closets. 

+ In his work on Sanitary Arrangements for Dwellings, Mr Eassie does not approve of 
eai’thenware pipes, prei'erring the strongest cast lea<l to any other. 

X The Anny Sanitary Committee <On Sanitary Appliances, Blue Book, 1871, p. 17), state that 
the amount of water usedin the water-closets in the amiv is, for Green's closet, between J gallon 
and 1 gallon fojr each time of use ; Underhay's, Lambert s, and the pan-closet, from 1 to 1 i gal- 
lon ; and for Jenning’s closet. usually the same, or in some stations 3 gallons. 

§ For the outgoing pipe, especially if there be merely a grating below as an inlet, a cowl is 
not absolutely necessary, but if required, various kinds are applicable. Besides Banner's, that 
of Dr M^ouald ahd oh^^yle's might be used. 
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Dr Taylor of Anerley has invented a trap on this plan, and in which a good 
scouring eftect of water is secured. 

Mr ftenniiig's closet, witli plug and water trap, has the advant^igo of 
effectually pinvciiting the wigurgitation, hut the plan is mther ex])onsi vtj. 

The j)osition of the closet is a matter of great moment. If possible, it 
should always be in an outbuilding, or a projection, with thorough ventilation 
between it and tlie house. In two-storied buildings it might be put in a 
small third story in the roof, and well ventilated above. The windows in 
a closet ouglit always to open quite to the ceiling. 

In all (jases, a tube shoidd jjass from the top of the closet to the outer air j 
and, if the closet is in a bad situation, should be heated by a gas jet. 

It is a bad plan to have the pull-up handle covered by tlie lid it should 
he a])lc to be pulled up when the lid is shut, or the shutting of the lid should 
opcjn tin? water-waste j)reventcr cistern. 

Thi‘ plan of placing closets in the basement should bo entirely given up ; 
closet air is certain to bo drawn into the house. 

lV(y^r.r-Tro/fy///.s‘ or Lairmefi,~rh(iH€i are very strong earthenware or cast-iron 
rcc(;ptacles, whicli arc about half full of water. The excreta drop into tl)e 
wat(u*, and on(;e or twice a day a valve is iiiis(id, and the water and exci*cta 
j)ass into a drain. In laverpool, wliere excellent water-troughs are in use, 
th(‘re is a nicoptacle into whiesh fall bits of bricks, towels, or otb(^r things 
wliicli are thrown in, so that tliey are stopped and fished out when f in* trough 
is em})iied, and <lo not p£uss into the drain. The amount of water in the 
water latrines used in some barracks is about 5 gallons per head daily, so that 
the jilan is not economical of water, but, as it avoids all Joss l>y tlie dri[>ping 
in closets, Uuuv> is probably no great excess of expenditure. It is ik good })]au 
to liavo a flf^xible hose attached to the water pipe, so as to wash thorouglily 
the s(.*afcs and ])ai*titi()ns every day. 

I'he ('liiid obji^ction to this plan is the labour Mdiicb is necessary to empty 
the trough ; but the plan saves expenditure in repairs to water-closets, {uid in 
this resjiect there is some compensation, f 

In judging of the value of a water-trough, the amount of water, the surface 
exposed to evapomtion, and the completeness of the flusliing, arc the points 
to look to. 


Dry Metuous.^ 

Tlie use, of sewers and removal by water are in many cases impracticjable. 
A fall cannot be obtained ; or thertj is insutiicient water ; or the severity of 
the climate frei*.zes the water for months in the year, and removal hy its means 
cannot be attempted. Then citlier the excreta will accumulate about houses, 
or must be removetl in substance daily or periodically. Even when Avatcr is 
abundant, and sewers can he made, many agriculturists are in favour of the 


* In Dr Aldridge’s patent tlie handle cannot he pulled up until the lid Is shut down ; there 
is nlsor arrangement for carrying off foul gas by means of a pipe communicating with the outer 
air, the lid itself lieiiig air-tight round the rim of the seat. 

+ In the army two kinds of latrines (Macfarlane’s, of cast-iron, and Jcnniiig’s of earthen- 
wai-e) have been in use for about fifteen years. The Aniiy Sanitary Committee (On Sanitary 
Applications introduced into Bamcks, Blue Book, 1871, p. 14) state that out of 183 bari-aeks 
only 53 have been charged with repairs, and the average expemliture on these .53 has been 12s. 
per barrack annually for Mncfarlane’s, ami 18s. 9d. jw barrack for Jenning’s latrine, and nearly 
the whole of these expenses have been caused by articles thrown carelessly into the latrines. 

X On the dry methods of removal a very good paper has heeiyjnblished by Dr Buchanan and 
Mr Rodcliffe (Twelfth Report of the Medical Officer to the Irivy Council, 1870, pp. 80 and 
111) ; also another by Mr Netten Riulcliffe, Report on certain means of preventing Excrement 
J^fuisances in Towns and Villages (New Series, Wo. 2, 1874). 
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dry system, as giving a more valuable fertilising product ; and various plans 
are in use. 

It is not necessary to consider here the employment of cesspools, deadwells, 
&c., iis su(j1i plans must bo considered quite unsjinitary, and should be invari- 
ably discontinued. If excreta are ever allowed to accumulate, it should be in 
properly prepared receptacles, and after admixture with deodorants. 

Removal without Admrxfure, 

In some casi?s, the solid and liquid excreta pass into boxes or tanks, which 
are emptied daily, or from time to time, and the sewage is at once applied to 
land without further treatment In Glasgow, the excnx^ta from one part of 
the town, containing 80,000 people, are now removed tivery day witljout 
admixture, except with the garbage from the houses, and arc sent lo]ig 
distances at a profit.* If the removal can be made daily, the plan is a good 
one ; the*, manure should not be applied in the immediate neiglibourliood of 
dwellings, and the Jiarrack Commissioners have ordei*od that it shall not be 
put on land nearer barracks than 500 yards. 

In some towns in the Xorth of England (Salford, Halifax, Nottingham), 
the rccjoptaclcs arc lined with some a})sorbeiit mat(n*ial (refuse of cloih mami- 
huitures) intended to absorb the urine (Goux system) ; in other crises llie urine 
is carried oil* by a pipe into a <lraiu ; tlie intention being, in both cases, to 
make tlie fuHial matter drier, and to dtday decomposition. 

In others, the soil being ]‘emoved daily, or at short intervals, is taken to a 
manufactory, arid tlicro siibjcicted to manipulations which convert it into a 
manure. 

Under ithe term “ Jkuidrclte,” manufactories of tliis kind have been long 
(‘iirried on in Franco, though tliey are said not to Ixj very ])r( >ii table, f At 
present, however, a portion of the nitrogen of the urea is co]i verted into 
amiiionia, and is unittMl witli sulphuric acid, and comes into the market as 
sulphate. In Ihigland, also, there) have been sevend manufactories, such as 
the “ Hyde Patent J^lanure Itliireka ComjKany,” who reduced the soil to one- 
seventh of its bulk by the api)lication of heat, and obtained a good manure. 
Actions for nuLsance, on account of the cllluvia, and tho expense of the juo- 
cess, caused, however, the coiupany to wind up. 

There have been great discussions as to the salubrity of the French 
poudrette. inainifactories, and the evidence is that they arc not injurious to the 
workmen or to the neighbourhood, although often incommodious. Hut the 
])Oudrette can take on a kind of ferm(3ntation which nmders it dangerous, and 
Parent-IIncliA.telet hiis reccmled two cases of outbreaks of a fatid fever 
(typhoid V) on boarxl ships loaded with poudrette. In the ease of the Eureka 
Company no bad eliect was produced on tho health of the men. 

Admixtura with Deodorising and Anti-iyatrescimt Subslauccs, 

Usually, however, some deodorising substance is mixed with tho excrotti 
before they ai’e removed from tho house, and they are then at once apjJied to 
land without further preparation. Mr Moule^s advocacy of the use of dried 
earth htxs brought into prominent notice the groat deodorising powers of this 
substance, and perhaps no suggestion of late years lias had more important 

* At Carlsrulie, Mannheim, Kastadt, and iiruchsal the excreta are removed in tjoxca Iioldiiig 
about 116 cubic feet (Prussian) every evening. Fi-om an experience of eighteen years (J85J- 
1868), the excreta of 6361 men (mean strength) reinnicd 7628 Horms per annum, or about 3». 
lid. English money per head. In Bruchsal it was Is. Id,, and in Mannheim 28. 6d. per Jiead. 
This rich manure has converted the sandy wastes into fertile com-tields. 

+ Nearly all tho solid: excreta of Paris are dealt with in the same way, at the great depot of 
Clichy-Varenne. 
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consequences. The various substances employed to prevent odour and decom- 
position are as follows : 

1. Coal and Wood Ashes . — This is a common practice in the north 
of England, and closets are made with hinged flaps or seats, so that the coal 
ashes may be thrown on the sewage. Sometimes screens are used, so that 
the large cinders are held back, and can be again used for firing. In some 
towns there are receptacles (middens) intended both for excreta and ashes ; 
sometimes these ai’e cemented, but are usually porous, and there may bo a 
pipe leading into a sewer so as to dry them. The midden system is a bad 
one \ even with every care, the vast heaps of putrefying material which 
accumulate in some of our towns must have a very deleterious influence on 
the health, and the sooner all middens are abolished the better. The deodo- 
rising effect of coal ashes is very slight. The mixture of coal ashes and 
excreta usually finds a sale, but the profit is miuih greater if no ashes are 
mixed with it. Wood ashes are far more powcirful as deodorisers, but it is 
not ciisy in this country to have a proper sui)ply. 

2. Charcoal . — There is no better deodoriser than charcoal* Animal char- 
coal is too expensive, and peat charcoal is cheaper ; according to Danchell, 3 
ounces of peat charcoal are equal to of earth ; and this author states 
that the cost of charcoal for a family of six persons would only be Is. 6(L per 
month. A plan has been proposed by Mr Stanford, f and is in use at Glasgow, 
which may obviiito the difficulty of price. Mr Stanford proposes to obtain 
charcoal from seaweed ; the charcoal is cheap, and remarkably useful as a 
deodoriser. After it has become thoroughly impregnated with faeces and 
urine, the ndxture is re-carbonised in a letori, and the carbon can be again 
used ; the distilled products (ammoniacal liquor, containing acetaki of lime, 
tar, gas) iire sufficient to pay the cost, and it is said oven to give a profit. 

The closet used with this carbon is, in principle, similar to Moulo/s earth 
clo8(3t, with various improvements for more tluoioughly mixing the charcoal 
and sewage. 

The advantages claimed for Mr Stanford's process are the comidete deodo- 
rising eflect ; the small amount of charcoabretpihod as compared with dry 
earth (three-fourths less required) ; the value of the dry manure, or of the 
distilled products, if the mixture is rebumt ; and, in the last case (burning), 
the complete destruction of all noxious agencies. In using it the mixed chai‘- 
coal and sewage may be stomd for some months Avithout odour in some con- 
venient receptacle outside, but not under the house j and Mr Stanford states 
that all the house urine can be also allowed to flow into this receptacle. The 
reburning of the mixture can bo in a gas retort, or a special retort is built for 
the purpose ; the charcoal left in the rc^tort is returned to the house. 

3. Earth . — Since the Rev, Mr Moule jjointedout the powerful deodorising 
properties of dried eartli, many diflerent closets have been proposed. 

Mr Moule’s earth closet consists of a wooden box, with a receptacle below, 
and a hopper above, from which dried earth falls on the sewage when the 
plug is pulled up. The earth is previously dried, and about to fi) of 
the dried earth per head daily is the usual allowance. For a single house, 
the earth can be dried over the kitchen fire ; but if a village is to be supplied, 
a small shed, fitted with tiles, below which smoke pipes from a small furnace 
pjiss, is required. The earth used in the closet is sufficient to deodorise the 
y solid excreta, and the portion of the urine passed with them ; but the rest of 
^e urine and the house water has to be carried ofl* in pipes, and disposed of 

* At Kreilingen in Holland, a pail system is in use, where charcoal is employed made from 
Iniming town refuse. It appears to yield a product of sulficient value to j)ay itself. 

+ Chemical News, June and October 1869, and Feb. 1872. 
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in some other way. The receptacle is emptied from time to time, and the 
mixture is stored until it can be applied to land. 

The advantages of this plan are obvious ; its disadvantages are the necessity 
of collecting, and drying, and storing the earth, which for cottagers who have 
little space, and possibly no means of getting earth, is a serious matter. The 
supjdy of dried earth to large towns is almost a matter of impossibility, so 
laige is the amount required,* Again, the attention necessaiy to prevent the 
house water being thrown in, and to remove tlie soil at sulhciently short 
periods, sometimes militate against the success. To obviate tliese dis- 
advantages, some modifications have been introduced into Moule's closet ; one 
side of the recepttwle may be covered with a grating, loading to a pipe, so that 
all fluids drain away, and the house water can be thrown in. In aiiotlKu* 
plan, as in Taylor’s improved closet, the urine is carried away without mixing 
at all with the solid excreta. Sometimes the urine thus se])arated is Jed into 
another box of earth, and is thus more easily disposed of, if there ai*e no 
means of taking it eutiredy away ; or it is passed into a tank, and then used 
as liquid manure. In another modification (Moser’s), a partition along the 
front holds some absorbent substance (sawdust, straw), into which the urino 
passes, and the solids are thus kept dry. This separation of the urine and 
solids certainly appears to bo an improvement. l)r Car]}enter of Croydon 
reports well of these closets (Daily Denton, op, ciL p. 102). 

The best kind of earth is clay, marl, and vegetable humus ; when dried, 
the clay is easily powdered. Chalk and j)iiro sand are of little iistj. 

The earth system is coming into great use in India, luid is canied out Avith 
great attention to detail In those Eiuopeun sfiitions where water is not juo- 
curable, Mr Moule’s invention hos been a boon of great value, and I ha \'0 
boon told by medical officers thatnotliing luis biicndono in India of late yoiirs 
which has contributed so much to the health and comfort of the men.t The 
plan of sepamtiiig the urine from the faeces hiis been strongly advocated by 
Dr Cornish of Madras, and would no doul)t be attended with great advantages 
in Imlia, if there are means of disposal of the urine. The chief dilficidty in 
the Euroiiojin barracks in India is felt during the i*ainy seasons, when the 
mixed excreta and earth cannot be kept sufficiently dry. 

In the case of natives of India, however, a serious difficulty arises in the 
use of the earth system, in consequence” of the universal use of water for 
ablution after using the closet. Every native takes with him a small vessel 
holding 10 to 20 ounces of water, so that a large amount of fluid has to be 
disposed of. The usual earth closet docs not suffice for tliis. Mr Charles 
Turner, C.E,, of Southampton, htis contrived a closet suitable for the native 
family;! it unfortunately too costly, and possibly a simple ii'on box, with 
a pipe to carry off the urine and ablution water, would be better suited for 
the poorer claves. 

It appears from the observations of Mr Fawcus, at the jail of Alipore, that 
more earth must be used for vegetable than for animal feeders ; the experi- 
ments gave 5’1 S) avoir. (2J seers) of undned earth for the daily evacuation 

* For workhouses, prisons, barracks in country places, where there is plenty of labour, and 
no difficulty in obtaining and afterwaixis of disposing of the earth, the plan is almost i»erfect. 

So also for small villages, if some central authority aiTanges for the supply of earth, and for 
the removal of the used soil. For a good statement of the advantages of tlie earth system, see 
Dr Hawksley's paper in the Report of the Leamington Congress on tlie Sewage of Toivna, 
Tlie British Sanitary Co. has a good form of this closet. 

t An account of the Bengal arrangements will be found in the 2d edition of this work, p. 329.; 

I have now omitted it, as the plans are being much altered. 

X This was done at the suggestion of Dr Niven of Bombay. Mr Tumer^s closet is de.scribcd 
and figured in my report on Hygiene for 1867, Army Medical Report for 1866, publislied 1808, 
vol. viii. p. 307. 
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of a vegetable-feeding Hindoo. The urine discharge (2 Ib) required 8-2 &) of 
earth. Tlie earth was efficacious in pro 2 )ortion to the vegetable organic matter 
or humus. In the experiments in this country the clayey matters (silicates 
of alumina) have seemed to be chiefly useful. In Indian jails and some 
cantonments the trench system is used;, shallow (1 to foot deep) trcjiiches 
are dug in a field, and earth is thrown over the excnjta ; when the trenches 
am full, the whole is ploughed up, and vegetabliis arc*, at once planted, trenches 
being dug elsewhere ; after two or thnie crops this portion of the field may he 
used again. (Ircat importance is attached to the early and repeated cropping 
of tlu*. ground.* 

4. ])(‘od(n'mnfi Potndnrs, — Instead of charcoal or earth, MTlongalFs or 
Calvert\s carbolic acid powdtirs may he used, and tliis plan ffiis been largidy 
adopted in some Indian stations. A comparatively small quantity is required, 
but tile simdl of the carbolic acid and the cost are somewhat against the plan. 
Hr Bondi's i)repai‘ation8 of Terobene, viz., the Terebtuuj powder, Cupraliim, 
Ferralum, &c., are very effiacious and have a pleasant odour. Langton- Jones’ 
Universal Disinfecting Powder is inodorous, hut not very powerful. 

fK Sawdust mix(Ml with sulphuric or carbolic acid. 1 found the mixture of 
suljJiuric acid and sawdust to have little (ifficaey ; the ca.r)>olic acid hius the 
disadvantage of the odour which adheres to the clqtlies. Chloralum powder 
is .also mixeil with sawdust, and is niod<mitely efficacious. 

0. In (h;rmauy, Silvern’s diiodorisijr (a niixtuve of lime, magnesium 
chloride, and coal-tar) is much used. 'Fhe Miiller-Sidiiir dtiodoriser is com- 
posed of 100 H) of lime, 20 1t) of jjowdered wood cliarcioal, 10 th of peat 
powder or sawdust, and 1 lb of ear])olic acid containing 60 to 70 pc^r ceiit of 
real acid. After mixing, tlie mass Ls juit under cover for a night tto avoid 
any chance of solf-combnstion, and when it is dry it is packecl in harrels. 
Lnoder and D.Mdloff’s powdiT, consisting of f(,*mc siiljdifite, ferrous sulphate, 
calcium sulphah^, and a little free sulphuric acid, is fdvso much used. It is 
moderately successful. 

Airanf/ement of Cfloscts on the Drtj Plan. 

As the excreta after being mixed with the deotloriser are in most c.ases kept 
for some days or even weeks close to the house, tlu^. same rules as to position 
and construction of closets should be employed as in the case of water-closets. 
The closet should never be in the basement, hut in the, roof, or better still in 
a detached building or somi-d(itached, and with tlioroiigh ventilation betwt^en 
it and the honst? ; there should be a pipe leading at once to the outer air from 
the elt)set, aiid one fiom the recej^taole. 

Tlie reccqitaide itscilf is usually movable ; hut if not, it should ho most 
carefully cemented so that no leakage may occur. 

With these precautions no odour will be jK^rceived ; hut it is still very 
de,sirable that the removal of the soil should lie as frequent as jiossihla In 
country hous(js thc^re is no difficulty, hut in towns the removal can seldom he 
more fn^iucnt than once a week, and often is only once a month. 

The forms of the closet itself are numerous. Those aj)plical)le to the earth 
plan have been alriMidy noticed. Colonel Synge, ILJ5., has patented a closet 
for Mr Stanford’s charcoal process (the Alver appliance for dry deodorants). 
In Germany and the north of Europe, where the dry removal, hut without 
admixture with deodorant powders, is in much use, there are various closets 

* Two objections have been made to the dry, earth system : 1. It is almotd: impossible to 
get rid of a certain amount of smell, even with deodorants. 2, The product is not very valu- 
able, according to Dr Gilbert's analysis, not so valuable as good garden mould, even after the 
earth has been twice useil. The chief value ia therefore a sanitary one. 
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in •wbicli the urine and fajces are separated.* The “air-closet” of Mehlhnuse 
is said to he a good arrangement for houses. The urine runs into a porcelain 
funnel fixed on the front wall of the pan, and then into an iron vessel, from 
which it can readily be niiuoved through a valve ; the solids fall into an iron 
receptiicle at the back part of the pan. A discharge tube passes from ihe 
back and top part of tliis rciceptacle into a chimney. Two openings in tlui 
front wall, which can be closed by valves, can be used as inlets for the air. 
If a ho])per witli charcoal or dried earth were attached to this closet, it wouhl 
be almost identical with Taylor’s improved closet.! 

darhoimation. 

In 1869, Mr HickeyJ of Darjeeling (Mengal Presidency) x)ro])Ose(I to 
carbonise the sewage in retorts, cither with or without jnnvious admix tniv. 
with charcoal Almost at the same time Mr Stanfonl § prox)Osed tlie x^Ian 
already refen’cd to, of the addition of sea-weed charcoal, and subsequent 
distillation. 

In India the difficulty of obtaining a remuneriitive xuice for the aiiiTuoiiiaeal 
I)ro(lucts, and the large cost of the ax)X)amtus necessary for working the jdan, 
has been unfavourable to its success. Dr Macnamara r)f Cal<iutta gives the 
following anfdyses of the x^i’^^^ducts of the carbonisation : — Lv^, Chus (viz., 
hydrog(m, 35*36 ; marsh gas, 31*28; olefiant and other Ijcavy hydro-oarla)ns, 
2*4; carbonic oxide, 21*74; carbonic acid, 9, and a trace of j)hosx:)horetted 
hydrogem in 100 x>arts). 2e/, Tar-like^ stidl*, the so-called “light-oils.” 3</, 
Amnioniacal liquid. 4//q ilesiduum of aniiiud cliar(?oal, which rendered 
inodorous an e(pial weight of exc.rota. About 120 H) of coke were used to 
burji \ t^n of the inixiMl excreta. Carlionisatimi is Jiow bidng tried in this 
country, and nniy x^ossibly be conimorcially succjessful. Dxx>eriencc^ only can 
show if it is so, but if it wiU return a X)rofit, thcjre can be jio question tliat it 
is an excellejit plan in a x^irely sanitary x^oint of view. The chief moji(.‘y 
difficulty in the x^roc-ess is the largo amount of water which has to ho driven 
oil*, which greatly incrtuises tlie (5XX)<mse. 

In Manchester Fryer’s x^atent method is in ox)e ration, and it is now being 
applied, in whole or in x^art, at Birmingliam and at l^eeds. It consists of a 
Dcjstructor, wliich reduces to slag all the more bulky town rt^.fust?, such as 
cinders and ashes, broken earthenware and glass, which caniiot l)e d(*.a]t with 
except by being accumulated in a rubbish heap. This slag is gi*ound, mixe<l 
witli lime, and sold as mortar. The apparatus is so arrangtid that none of the 
heat is lost, while the heated x)rodiicts of comhustion ])ass ovct fr(.‘.sh portions 
of material and x^nqrare it for combustion. U'he mass is i*ediiced in bulk to 
one-third. Otlier refuse, smdi as condemned food, vegetable garbage, stre(;t 
swee])ings, and the like, are reduced to charcoal in another apx>amtus call(?d 
the Carboniser. The carbon thus x>roduccd is use<l for disinhicting purx)Osi>s, 
for decolorising the waste water from factories, &c. The excreta X)rox)er it is 
proxKJsed to collect in pails and reduce to small bulk, by drying in a closed 
ax^paratus, called the Concretor; the amnionia being fixed by the sulplmi ic 
acid fumes x^roduced by the other xwocesses. By this means the conttmts of 
the paiLs are reduced to one-twelfth, and a valuable manure obtained, w*hich 
may be either in the form of x>oudretto or mixed with a little charcoal. 

* Roth and Lex {op. cit. p. 454) give a good description of these. See also for some goo<l 
remarks, PettenkotteFs paper on the Sewerage of Rale (Zeitscli. fiir Biologle, hand iii. p. 

+ Dr Bond has also invented a good form of self-acting closet, which separates the urine and 
foeces. At Manchester and Salford the cindejr-sifting closet of Mr Morrell is in use. 

X The Carbonisation or Dry Distillation ^^ystem of Conservancy, by W, R. S. Hickey, C.E. ; 
with a note on Diy Sewage, by F. J. Mouat, M.D., Darjeeling, 1869. 

A Chemisps View of the Sewage Question, Chemical News, June to October 1869, 
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The Pneumaiic Air Plan* * * § ** (Aspiration Plan). 

A Dutch engineer, Captain Liernur, proposed some few years since an 
entirely novel plan, ^o water or deodorising powders are used ; the excreta 
fall into a straight earthenware pipe, leading to a smaller iron syphon pipe, 
from which they are extracted periodically by exhaustion of the air. The 
extracting force, which can he used (by an air-pump worked hy a steam- 
engine), is said to be equal to a pressure of 1500 fi) per square foot, which is 
sufficient to dniw the excreta through the tubes with great rapidity. The 
plan has been trietl on the small scale at Prague, Eotterdam, Ajusterdam^ 
Leyden, and Hauau, also at Briinn, Olmutz, and St . Petersburg, and the 
o})inions concerning it are very various. In Prague the judgment is on the 
whole unfavourable; iiiHanauthe report of Virchow, Marggraf, and Hacker, f 
is iilso not very much in favour of the plan. While in some of the tubes the 
action was satisfactory, in others there were portions of ftecal matter adhering 
to the. sides, and in one tube there was rciflux of offensive gas. A report on 
the same plan by a deputiition from Frankfort is more favourable. J In 
Amsterdam, the Licmur system has been in use in two streets since Jlovember 
1871, and in Leyden since September 187 1.§ In Amsterdam the oidnions 
are (h3ubtful ; some reflux of gas and somo adherence of fiecal matters to parts 
of the tube is not(id, and in the syphon all observers agree that some portion 
of foces and urine remains. Caro on the part of inhabitants, and washing 
some of tlio tubes with a small quantity of water, appears to be sometimes 
necessary ; and in times of ephiemics ^infection must also be used. The 
opinions of Schroder and Lorent appear Anally to be that, while the system 
can lianily bo recommended for hospitals, and in fact is perhaps not to be 
generally recommended, there may be localities where it can ha advtuftageously 
iLsed, iis in low-lying marshy places, where irrigation of water sewage cannot 
be used. It is agreed by all tluit it cannot render sewers unmicossary. I have 
not seen tliis system in oj)eration, but the effect produced upon my mind by 
reading the reports is, tliat it is less simple and less efficacious than tlie English 
plan of dry removal ^ter admixture with deodorants, but that it is more easily 
worked than was anticipated. || 

* The Sewj^e Question, by F. C, Krepp, London. 1867. This book was written for the 
purpose of bringing the Liernur plan before the public, and some pai^ of it must be taken 
with liniitiition. 

t Deutsche Vierteljahrs. fiir bifeutl. Gesimdsheitspa. b:ind ili. p. 313 (1871). 

j IViid. bandL^iii. p. 312. 

§ R^ort of Kauff and Baser in D^tsche Viertelj, fiir off. Gesundsheitspfl. band iv. p. 
316. Thesp gentlemen were sent from Hcidelburg to investigate the plan. Repoi*t of Messrs 
Schroder and Lorcht (Ibid, baud iv. p. 486). In this Repoii is a good technical and financial 
account. 

11 Since this was written. Ballot (Medical Times and Gazette, 15th Feb. 1873) has spoken 
more favourably of it, and considers it to La^e been a decided success in Amsterdam and 
Leyden. ^ Gori, on the other hand (Med. Times aiid Gazette, 8th March 187^, has replied to 
Ballot, denies that this is the case, and declares that in Amsterdam all with one coiis$nt say, 

** It is impracticable." Ballot adheres, however, to his stiitement. 

I saw the system at work in Leyden in Sept. ,1876, when much of its results an^ details was 
explained to me by the late Professor Boogoanl. It seemed very effectual, and there was a total 
absence of odour, although I was present in some of the closets at the moment tjiat the con- 
tents were sucked away by the apparatus. In Leyden the material is sold in barrels in the 
liquid form, but at Domrecht, where the newest and most complete works are, it is made into 
poudrette, which is said to pay. In this country, Mr Adam Scott has done his best to bring it to 
public notice (see his pa})ers in the BuUder, Sanitary Record, Public Health, &c.) He considers 
that it has been sliown by five years* experience in Holland, tliat the pneumatic ^stem, by re- 
moving excrement without any possible pollution of air, soil, or water, has banished typhoid 
and diphtheria, as weU as cholera and any>^iseases that are conveyed by the discharge from the 
intestines. The Committee on Town Sewage (Mr Rawlinsou and Mr C. S. Reade) speiuc. most dis- 
paragingly of it, more so, indeed, than seems’ warranted by all the evidence. On the other 
nano, the patent for Austria and Hungary has been purchased by the Vienna Joint-stock 
Agricultural Society, who consider it a success, both hygienically and financially. [F. de C.] 
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Comparison op the different Methods. 

Much controversy has arisen on this point, though it does not appear that 
the question of the best mode of removing excreta is really a very difllciilt one. 
It is simply one which cannot be always answered in the same way. 

It will probably be agreed by all that no large town can exist without sewers 
to carry olf the foul house water, some urine and trade products, and that this 
sewer water must be purified before discharge into streams. The only question 
is, whetlier ftecal excreta should also j^ass into the sewers. 

It will also be, no doubt, admitted that no argument ought to be drawn 
against sewers from imperfection in their construction. The advocate of water 
removal of solid ex^^reta can fairly claim that his argument pre-supposes that 
the sewers are laid with aJd the precision and precaution of modern science ; 
that the houses are thoroughly secured trom reflux of sewer air ; that the water- 
cloR(its or water-troughs are properly used ; and that the other conditions of 
sufficient water supply and power of disposal of the sewer water are also present. 
If these conditions are fulfilled, what reason is there for k(^eping o\it of the 
sewer water (which must, under any circumstance of urban life, be foul), the 
solid excreta, which, after all, cannot add very greatly to its imx)urity, and do 
add something to its agriculturfil valitdl 

That it is not the solid excreta alone whi^h cause the difficulty of the 
disposal of sewer water is seen from tlu^ case of Birmingham, lliat city is 
sewered ; it contains nearly ih50,000 inhabitants, and is in the grf^atost difficulty 
how to di 82 X)seof its sewer water; yet the solid excreta of only 20,000 persons 
pass into the s(3wers, while the solid excreta of 325,000 pembns ar<i niceivod 
into midiiens.* "llio problem of disposal is as senous for Birmingham as if 
all the excreta passed in. 

The great difficulty, in fact, consists not so much in thetmtrance of the solid 
excreta into sowers, as in the Immense quantity of water which lias to bo 
disposeil of in the case of very large inland towns with water-closets. If 
water-closets are not us(3d, the amount of water sup])lied to towns, and that of 
sower water, are considerably lessened. 

Looking to all the conditions of the problem, it appears to mis that it is 
imiiossi 1 ) 1(3 for all towns to have the same plan, and the circumstances of each 
town or village ndist be considered in determining the best method for the 
removal of excreta. London is particularly well adapted for water sewerage, 
on account of the conformation of the ground north of the Thames, of the 
number of streams (which have all lieen converted into sewers), and of the 
cornjiarative facility of getting rid of its sewer water. Tlie same may be said 
of Liverj)Ool and many other towns. In Birmingham, on the other hand, the 
inland position, the price of land, and the comparative difficulty of getting 
water, seem to render other plans tttofe desirable. If it had been possible, 
years ago, to act with our present knowledge, and to devise a scheme for 
Biimiingliam, it would have been best, I believe, to have taken the rainfall 
into the Eea ; to liave had the sewers merolj^ for house and trade water (which 
wouki liavp given a manageable amount for filtration through land) ; and to 
have introduced the charcoal or some similar deodorising dry plan for the solid 
excreta, and for a part of the urine, with short periods of removal 

III many tovms where land is more available, the immediate application to 
land, either by filtration or irrigation, may be evidently indicated by the 

* Report of the Birmingham Sewage Inquiry pommittee (1871), Summary, p. 11. It should, 
however, he added tliat two-thinls of the midderis drain into the sewers, i.e», allow urine and 
gome diffluent faecal matter to pass in. In 1875, 128,512 tons of midden refuse were removed 
and sent to country depdts, to he afterwards disposeil of to farmers. 
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conditions of tlio case, while in others precipitation may have to be resorted 
to before application to land. It does not appear that precipitation should in 
all cases pTiicede irrigation or fdtration, though meclianical arrest of the large 
suspended matters is necessary. There may be some towns, again, in which 
the impossibility of getting water or land may nec^essitate the employment of 
dry removal ; and this is especially the case with small towns and villages, 
where the expense of good sewers and of fi good supply of water is so great 
as to roiid(;r it imj)ossi])le to adojit removal by watiir. It may, indeed, be 
said that, in small towns in agricultural districts, the dry removal, if 
ivroperly carried out, will be the best both for the inhabitants and for the 
land. 

The view h(3re taken that no single system can meet all eiises, and that the 
circumstaiK'Bs of every loc.‘ility must guide the decision, is not a compromise 
between ojiposirig plans, but is simply the conclusion which seems to me 
force.d on us hy tlii‘ facts of the case. It does not invalidate the conclusion 
already come to, tliat .where circumstances are favourable for its efficient 
ex(*cution, the water sewage plan (witli or without interception of rainfall) is 
tliii hest for large communities. 


SF.CT10N III. 

DEODOUISATION OF SEWAGE. 

Under the headings of “ Precipitation of Sewage ” and Dry Kemoval,*' 
the chief deodorisers have been noticed, but it may be convenient to give a 
recapitulation. 

Sub-Section I. 

A very groat number of substamtes liave ])een added to sewage for the 
purpose of preventing decomposition and retaining the ammoniacal com- 
pounds. * 

1. Chnrcoal — which soon, however, gets clogged and loses its power — ^it is 
not nearly so useful when used in this way as in the puiilitratioii of air. 
Sillar’s preparation (the A, P, C deodorant) is a mixture of animal cliarcoal, 
blood, clay, and alum refuse. Messrs Weare & Co's is also a charcoal 
process, 

2. J)rfj earth, <ispecially, as already noticed, marly and clayey soils ; the 
eifect is similar to charcoal, hut it is not so so()U clogged. Dr Bird's prepara- 
tion is ferruginous clay moistened with sulphuric acid, and then dried and 
jiulverised. It is said to have a good elfi‘ct. 

3. QtUcJdimii is sprinkled over the solid excreta, or quicklime and water 
added to -sewer water, in proportion already given, till a deposit occurs, leaving 
a (jlear fluid a})ove. This is chiefly caused hy the lime forming insoluble 
salts, by ujiion with carbonic and phosphoric acids, and mechanically carrying 
down the suspended matters. The sulphuretted hydrogen forms calcium 
sulphide, which remains in the sujwrnatant fluid. The ammonia is set fi^. 
Hie potash salts imnain in the liquid. Five-sixths of the phos])horic acid aixj 
in the precipitate. No organic matter is precipitated except mechanically. 
The solid deposit has little value as manui-e. The lime delays, but docs not 
prevent the subsequent decomposition of the animal and vegetalde matters, 
and as the calcium sulphide easily decomposes, sulphuretted hydrogen is very 
liable to be again set fi*eo from the clear fluid. 

; The process, though simple and cheap, is by no means j>erfect. The addi- 
tion of cliarcoal to the lime does not materially modify the result. 
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From 15 to 16 grains of quicklime are enough for 1 gallon of sewage, or 
20 cwt. per million gtillons. At Leicester 580 tons of quicklime wore used 
2 )er annum for 4,700,000 tons of sewage. The process L*is now been discon- 
tinued there, but is still i)artially emjdoyed at Birmingliam and el8ewlun*e. 

Hanson’s process consists in the use of slaked lime and black ash rtifiise, or 
the soda and tank waste from the alkali works, mixed with sul])huric acid. 

4. Cheap salts of alumina^ and then lime, or alum sludge, lime, and waste 
animal charcoal (Manning), or zinc and charcoal (Stothert’s jn'oeess), alum, 
blood, and bone black (Sillar’s process), chlorid<i of aluminiiun ((iilor-iduui). 

The alumina precipitated by the lime forms a very bulky pre(ci 2 )itat(.% well 
suited to the entanglement of suspended mattcra Tlie clearanccj of the sc.^Avago 
is more perfect than with lime alojie, but otluirwise the process and the 
objections are the same, and the cost is groiiter. The whole of the i>hosphorio 
acid is precipitated as ])hos 2 )hate of alumimi. To a gallon of sewage water 
there should be added 73| grains of sulphate of alumimi, 3^ gniinsof sulphate 
of rfnc, 73| grains of char(;oal, 16| grains of quicklimp. 

Chlor-alum is a weak solution of eldoride of aluminium; it is not a very 
powerful deodoriser, and must be used in Luge (piantity, hut its chea])iiess 
and want of poisonous 2 >ro 2 )erties* are recommtmdations, and when in su/li(;ieiit 
aiAount it is effectual. It is efticacdous against ammonia hut not against 
sul]:)huretted hydrogen : it acts moderately against fieeal odour. 

5. Sii}ie.rphottphat(i of magnesia and lime water (Blytli’s 2)atent)* The ulea 
was to add a su))stance which, in addition to deodoiising, might Imj useful as 
a manure, and it was thought that a double j)hosphatt^ of niagn(‘-sia and 
ammonia would be tliixiwii down ; but this salt is sufficiently soluble in water, 
especially|\yhen the water contivins chloride of stKlinm, to rendm* this ex])iM;ta- 
tion incorrect. This method has been jmiciically found to hi? usiiless, and to 
be mon3 costly than any other plan. 

6. F, /////<?, t whose process is in use at Whnhledon, and is likely to Ikj 
introduced in the? town of Aldershot and elsewhere, uses a mixture of lime, 
tar, and salts of magnesium for defaicatioii and deodorising the sowagi?. The 
effluent water is then 2 )assed through artificial filters, or used for irrigation 2 )ur- 
l)Oses. Tins plan has been well sj)okeii of hy Captain Flower | and others, 
and it a 2 >p(?ars to ho Jiioderate in cost conqjared with most other processes. 

7. Iron Pcrcliloride, — Wlieii this salt is added to sewagii, a }>recipitato of 
ferric oxide is caused hy the armnonium carbonate (wliicli forms so rapidly in 
sewage), and carries with it all the suspended inatteis of the sewage. A 
clear fluid remains above. Tlie sul]>huretted hydrogen falls in the precii)itate 
as iron sulphide. As the sulphide of iron tends to form ferric oxide, 8uli)hur 
being lot free, it lias bi?en conjectured by Hofmann that an oxiibsing eflect 
from the oxide may follow the first action. 

Both precipitate and supernatant liquid are free from odour. 

This substance has been tried at Croydon and Coventry. From 14 to 29 
grains per gallon of sewage are necessary for London sewage ; for Croydon 
sewage from 5 to 15 gmiiis were necessary. -^One gallon of liquid iKirclilorido 
was sufticient for 15,000 gallons of sewage (Hofmann and Frankland). 

The percblorides of iron can be manufactured by dissolving in hydrochloric 
acid peroxide of iron, the diff(3rent iron ores, i-efuse oxide of iron from suljihuric 
acid works, iron rust in foundries, &c. Another jdan is to take equivalent 

* In some samples I have found a considerable amount of lea<l. [F. de C.] 

+ System— P. Hille, Sewage Disinfecting and Filtration process, 2d edition, 1876. 
t Sewage Treatment, more especially as affecting the pollution of the River Lee, a paper 
contributed to the Sewage Conference held by appijintiiient of the Council of the Society of 
Arts, in May 1876, by Captain L. Flow'er, Sanitary Engineer, Lee Conservancy Board, &c. 
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proportions of common salt, sulphuric acid, iron rust, and water, so that 
chlorine, when disengaged, shall combine with the iron, A hard, yellowish, 
not very deliquescent substance, containing 26 per cent, of perchloride of iron, 
is formed, which can be transported to any distance. The price, if made in 
this way, is £2, Ts. per ton (cost of labour not included) in England. 

The perchloride acts both on suliihuretted hydrogen and on sulphides, in 
both cases setting free sulphur. In sewage its ordinary action is on sulphide 
of ammonium. 

Objec.tions have been made to the perchloride, as it contains arsenic ; but 
the amount of this is small, and as it falls with the deposit it is never likely 
to be dangerous. 

8. Lueder and Leidloff's powder consists (according to Leuchtenberg’s 
analysis) of ferric sulphate, 36 per cent. ; ferrous sulphate, 16 ; free suli)huric 
acid, 4 ; calcium sulphate and otl^r sul)stances, 44. It has been highly com- 
mended, but, from experiments made at Xetley,'it does not seem very powerful 

9. Lead NUrate^ or Ledoyen's Fluids is made by dissolving 1 Ib of litharge 
in about 7 ounces of strong nitric acid and 2 gallons of water ; a little of the 
water is mixed with the litharge ; ^thc acul is gradually added, and then the 
rest of the water. This quantity will deodorise a moderate-sized cesspool. It 
acts rapidly on sulphuretted hydrogen, and can bo depended upon ft)r‘ this 
purpose. 

10. Zin^r' Chloride, — Burnett's fluid contains 25 grains to every fluid 
drachm ; 1 pint is added to a ^ion of water (1 to 8). It is uspally said to 
decompose sulphuretted hydrogen until the solution becomes acid, when its 
action ceases ; but Hofmann finds that it does not act on free sulphuretted 
hydrogen, but on ammonium sulphide, forming zinc sulphide and a^imonium 
chloride. It destroys ainmoniacal compounds and organic matter. The sul- 
phates of zinc and copj^er decompose free sulphuretted hydrogen, with forma- 
tion of metallic sulphide and water. 

Burnett’s fluid delays decomposition in sewage for some time, and prevents 
the acidity of urine ; but a very pexjuliar odour is given out, showing that 
some change is going on. A good effect is produced on sidphuretted hydrogen 
by a mixture of zinc and ferrous sulphates (Larnaudes' mixture) which also 
lessens for the time the peculiar sewage smell. ^ 

11. Ziiw Sulphate. — This forms part of the Universal Disinfecting Powder* 
(l^angston-Jones' patent), along with Cooper's salts, viz., calcium and sodium 
chloride. This powder has the advantage of being inodorous, but it is not a 
strong deodorant. It, however, gets rid of fajcal odour to some extent, and is 
efficacious against H^S. 

1 2. .Pofastiinm lyerimmyanate prevents putrefaction for a short time, and 
removes the odour from putrefying sewage, but it requires to be used in large 
quantity. It has been proposed to use it and feiTous sulphate, first to oxidise 
and then to restrain alkalinity ; the way of doing this is to add the permangan- 
ate to the sewage first, and let it oxidise as far as it cahj^a^d then to add the 
ferrous sulphate, so as to remove the chance of action on the permanganate by 
the sulphate. Hut this plan has not succeeded in ray hands. Although the 
large cpiantity of the permanganate which must be used makes it a bad sewage 


* Analysis (de Chaumout) — Water 7*40 

Calcium and Sodium Chlorides , . 73*20 

Zinc Sulphate 14*26 

Insoluble 5*20 


Total .... 100*06 

To later samples some borate of lime was added. Probably the addition of ferrous sulphate 
might improve it. 
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(loodorant, it lia^s certainly a considemble action on f<?rnicnting liijuids ; and 
it might be nscful to try its effect with cholera dejections, either aIont>, or, as 
Kuhne recommends, Avitli ferric sulphate, which will not be acted on by the 
permanganate like the green vitriol. It has also been recommended to mix it 
witli cldoride of soda solution, 

13. Peparations from coal-tar; carhoUc acid (plienol or phonic acid, 
or plumy l-alcoliol (Qlf^O) ) ; coal-tar cicasote, and cn?syJic acid (cr(?sol or 
cresyl-alcohol, (C^ilv^O) ), in various admixtures.* These substances are all 
excellent sewagti deodorants and arresters of jmtrcfaclion. 

The last few years have seen an cxtraoniinary devel()j)ment in the manu- 
facture of these sul)stances. Phenol or carbolic acid is now obtained in great 
]>urity, and is sold in crystals, and also in a Jiijuid form. All tlui preparations 
may ])0 conveniently classed under, the three divisions of crystals, liquids, and 
])owdei'S. 

{a) Cr(fda1>i, — CaTT)olic acid, hiore or less pure, is the only substance under 
this head ; it is si^ slightly soluble in water that it is ]u»t so useful 
as a deodorant as the impurerkind. Carbolic acid is slightly soluble in whaler 
in the propoj'tion of about 5 per cent. When mixed with scAvage it acds 
sloAvly and not so perfectly as the iiripun'-r kinds. When exj)Osed to the air 
it liquefies, and is slowly given out into 4»hc air, and is them su})jiosetl to he 
useful as an air juiritler. ^ 

(h) --Carbolic acid, more or less iinjj^un^ dissolvc'd in AvatW', simply, 

or Avith a little alc.ohol and cresylic achl (crSol), forms the. lifpiid ^^arbolic 
acids. In tlie market they are found almost colourless, or highly coloured. 
Th(*, various li([Uuls contaiu from 10 to 90 })er cent, of plnmol. Crosol, though 
crystalline !iiid colourless avIkui jmr(\ is usually found in the market as a dark 
lijjuiil. Some of it, no doubt, exists in most sanqdos of carbolic ac.id. OAvirig 
probably to the Avay th(3y mix at once Avitli tlui sewage, the liquid acids are 
more deodorant than the crystallised acid, and restrain ])utrefaclion for a long 
time. C ■arbolic acid, lioAvever, doe^s not acd on suljduinitted hydrogen, though 
it Avill restrain the proci'sses Avliich ja-oduce it. 

8auij)los of so-Cfdled carbolic add are. sold, Avdiie.h are only impure tar-oils, 
and almost d<\stitute- of deodorising poAver. Sometimes a nauseous sAd])liur 
compound is also ])n*seut. 

Mr Crookesf gives ilie foil oAving rules in order to determine the presence ol 
the tar oils ; — i 

“Commercial carbolic acid is solulde in fn)m 20 to 70 ])arts of Avater, or in 
tAvice its hulk of a solution of caustic soda, AAdiile oil of tar isii'vxrly insoiulde, 
hut if the amount of carbolic acid bo. increased, some nmiains undissolved. 

“ To ai)ply tlie tests — 1. Put a teaa]K)onful of the. carbolic acid in a bottle, 
pour on it lailf a pint of Avarm Avater, and sliakiithe bottle at inteiwais for Jialf 
an hour, when the amount of oily residue will show the impurity ; or dissolve 
one part of caustic soda in 10 parts of warm AVfiter, and shako it up with 5 
parts of the carbolic, acjld. As before, the residue will shoAV tlie amount of 
impurity. ^ 

“ These tests will show whether tar oils have been used as adulterants, l)ut 
to ascertain whether the liquid consists of a mere solution of carbolic acid in 
water or alkali, or Avhother it contains sulpho-carbolic or sulpho-cresylic acitls, 


* Tt is perhaps unfortunate that phenol and oresol, which are rather alcohols than acids, 
should have been termed carbolic and cresylic acids. If the tenns phenol and cresol could be 
used instead it would be better. But I have thought it better not to abandon at pmsent 
terms which have got into general use. 

f Third Report — Cattle Plague Commission. Carbolic aci<l can be distinguished from creosot 
by its solubility in glycerine (Morson). 
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another test must be used basotl on the solubility of those, and the insolubility 
of carbolic acid in a small quantity of water. In this tase proceed as follows : — 
2. Put a wine-glassful of the liciuid to be tested in a bottle, and pour on it 
half a pint of warm water. If the greatcir jjart dissolves, it is an adulh'rated 
article. Test the li([uid in the bottle with litmus paper; if strongly acid, it 
will show the probable presence of sulpho-acids ; whilst if alkaline, it will show 
that caustic soda has been probably used tis a solvent.” 

If the quantity of carbolic acid has to be estimated from a liquid, it must 
be distilled at a given temperature. Carbolic acid boils at 184'" C. ( = 363“ 
Fahr.), cresol at 203° C. ( = 397“*4 Fahr.) 

In using the liquid acid, 1 part is mixed with 50 or 100 of water, accord- 
ing to the strength of the acid, and thrown down drains or into cesspoeds, or 
sjDrinkled with a watering-can over dung-heaps. 

(c) Powderii , — The two principal carbolic acid powders are M‘I)ougall’3 and 
Calvert’s, but there are several others in the market known under various 
nam(>s. 

]\I‘Dougairs and Calvert’s i)owders are widely different in composition. 

Tlio former is strongly alkaline from lime, and makes the sewage alkaline. 
It consists of about 33 pm* cent, of carbolate of lime and 59 jK'r cent, of 
sulphite of magnesia, the rest being water. 

Calvert’s powder is carbolic acid, about 20 to 30 per cent., mixed with 
alumina from alum works, and sonui silica. 

The quantity of these preparations which must be used depends on tluj 
degree and duration of dcodorisation wished fr»r. For tht‘< daily solid exenda 
(4 ounces) of an adidt at least from 30 to 70 grains of the crystallised acid, 
60 dro])s of the strong Il<pn(l (90 per cent, of acid), or ounce (nf the dilute 
carbolic acid, sold at Is. per j)int, are necessary, if the sewage is to be kept in 
an unaltered state for 10 to 20 days, hut a smaller amount is sullicient for 2^ 
or 3 days.* Dr Sansoin, who does not rate the eifect of carbolic acid so 
highly as a deodomnt, also linds that much larger (piantitics must he used 
than is usually stated {op. cit. p. 203). Half an ounce of cither Cfilvcrt’.s or 

Don gall’s powder f(jr 4 ounces of sewage has a preservative eifect for 18 to 
20 days ; ounce or less is elfectual for 3 or 4 days, but if the stools contiiiii 
uriii© much more is necessary, f 

Smaller quantities can, however, be used, if diminution, but not entire 
removal of smell and putrefaction is desiixjd. Quicklime 5 parts, and carbolic 
acid 1 part, make a good deodorising fluid. If hydroiddoric acid is addetl, 
and then water, the lime is deposited, and the carbolic acid floats on the 
surface, and its amount can he determined. 

14. The Silvern Deodorant — Tlie water flowing from sugar factories has 
long been a source of annoyance and ill-health ; it contains (piantitics of 
vegetable organisms {Osrillarla alha or Beyglatoa)^ which act like ferments, 
ami rapidly ilecompose the sulphates in the water, and liberate siilphuretteil 
liydrogen. Herr Silvern, to remcjdy this, projiosed a preparation of coal-tar 
thus prepared. X A bushc^l and a half of good (piicklime are put in a cask and 
slaked ; it is well stirred, and 10 H) of coal-tar are thoroughly mixed with it, 
so that the coal-tar may he thoroughly divided. Ffteeii pounds of magnesium 

* See Tny experinieuts in the Anny Medieval Department Report, vol. viii. p. 318. 

f Dr Jolin Day (of Geelong) published a paper in the Australian Medical Journal 
1874), on the comparative value as disinfectants of carbolic acid and mineral Joils, such us 
gasolene and kerosene. He prefers gasolene, and finds it may be used for papered v^alls, 
furniture, clothing, and flooring, ft must be used with caution near lights, as it is very in- 
flainiriable. Dr Day attributes its action to its strong oxidising properties ; paper brushetl 
over with it gave the reaction of peroxide of hydrogen after more than a year. 

X Trautmau, Die Zursetzungsgase, 1869, p. 35. 
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clilorido dissolved in hot water are then thoroughly mixed with the mass, and 
then additional hot water is added, sufficient to make a mass of just sufficient 
liquidity to drop slowly from a stick inserted in it and then pulled out. The 
magnesium chloride forms deliquescent calcium chloride, magnesia being 
liberated, and it is found that this prevents the caking of the deodorant ancl 
the adhererujo to pipes. This deodorant has come into considerable use for 
cess])ools, drains, &c. ITie Miiller-Schurr deodoriser has been already 
noticed. 

15. Dr F. T. Bond (of Gloucester) has introduced a new deodorant in the 
form of powder and liquid, consisting essentially of metallic salts, alum, and 
lerchene (a liytlrocarbon derived from turpentine by treatment with sid 2 )huric 
acid.) T(irebene has a j)leasant odour, and so far is superior to carbolic, acid : 
its deodorising powers are very considerable. The preparations in the form 
of powder are various, the chief being Fen alum and Cilpralum^ tlie latter 
being most frequently employed. It consists of copper sulxdiate, alum, a little 
potassium bichromate, and tercibcne. It is a very ])owerful deodorant, coun- 
teracting ammonia and suli)huretted hydrogen, and at least masking hecal 
odour as much as carbolic acid.* 

IG. The remarkable i)ower shown by Salttvijlic acid in arresting fernuinta- 
tion, and its value in the antisej3tic treatment of wounds, would seem to 
indicate it as a good agent, but it is at j)resent too expensive for use on a 
largo scale. 

General Conchmon . — It must be remembered that deodorisation is oidy 
possible within certain limits, and that in a number of cases ojdy x^artial 
results (jan bo obtained, urdess very large quantities of the deodorant are 
used.t Tke most eirectual api)ear to be the terebene prex»amtions, esj^ecially 
the cupraluin, and carbolic acid and its pre 2 >arations. Of those the cu 2 )i*{dum 
^has the advantage of destroying sul 2 -)hurettod hydrogen and neutralising 
ammoniii, wliich are only masked by tlie others. Chloride of lime and 
chlojide of soda are also 2 ^oworful, but have tliemselves a sickly odour, ve.ry 
disagreeable to many 2 )orsous. The Silvern deodorant is 2>i’fd3ably the next 
best, and after that the feiTic chloride (FeClg or feCl). 


* The substance adveitiswl as “ Sanitas,*' is a liy<!rocarboii derived fi’oiii tlie resin the 
Eiiccdypliis Globulus (J5luo Gum Tree), 

"I" In ex]jerinientLiig with the very offensive infusion of linseed, it was found almost impos- 
sible to get rid of odour without using very large quantities of the deodorants. [F. de C.} 
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Thk lioat of tlio humMii body can be preserved in two ways ; — 

1. The beat ;.;eiierated in the body, which is (*.ontiiiuaHy vadijiting and being 
carried away l)y moving air, can l)e retained and (>conoiinsed by rdothes. If 
the food be sufhcicut, and th(‘. skin can thus be kept wai'in, tln^ro is no doubt 
that the T)ody can dewelop and retain its vigour with little- external warmth. 
In fa(;t, provided tluidegrc^o of external colrl be not too great (wlien, liowever, 
it may act in ])art by rendering the i>rocuring of food di Hi cult and iwecarious), 
it would si>em that cohl do(‘s iiot imply deficiency of bodily health, for soiiui 
of the most vigorous ract^s inhabit tluj cold countri(‘s. In temperatci climates 
there is also a general impression (and such general inijnessions arc often right) 
that for healthy adults external cohl is invigorating, providtjd food he sullicient, 
and if the internal warmth of the body is retained by clothing. 

2. External heat can he ap])lied to the body either hy tluj heat of tlio sun 
(the great fountain of all phyHi(Mil force, and vivilit^r of lib?), or hy artificial 
inoMiis, and in all tjold riOuntrii».s artifidal warming of liabitations isiused. 

'i'he [)oints to doterniine in resi^ect of liabitations are- 

Lv/, AMiat degree of artificud warmth should he given 1 

2^/, AV'liat are the different kinds of vvai’intli, and liow are they to he given 't 

Sh:CTION L 
DEGREE OF WARMTH. 

For Healtkij Permm. — There ajipears no doiiht that both infants and olil 
|)ersons require much artilicial warmth, in adilition even to ahundant clothes 
and food. Th(*- lowering of the external tmiqierjitnre, i*sj)e(iially wIhhi rapid, 
acts very depriissingly on the very young and old ; and when we rememher 
the extraordinary vivifying effect of wannth, W(3 cannot hti snrpris(;d at this. 

For adult men of iha soMier’s age, wlio are pro]nrly fed and clothed, it is 
probable that the degree of temjierature of the house is not very materia], and 
that it is chiefly to he regulated hy what is comfortable. Any tinnperature 
over 48*" up to GO** is felt as comfortable, though this is depemhmt in part on 
the temperature of the ext(?i*nal air. It seems certain that for lu^althy, well- 
clothed, and well-fed men we need not give ourselves any great concern about 
the precise degree of warmth. 

For children and aged persons we are not, I believe, prepared to fix any 
exact temperature; for new-born children a temperature of 65“ to 70“, or 
even more, may be necessary, and old people bear with benefit a still higher 
warmth.* 

For Sick Perso7is, — The degree of temperature for sick jiersons is a matter 

* It is singular, however, that in some old people the temperature of the hotly is higlier 
than normal (John Davy). Is there, then, a difference in the amount of external heat required 

in different persons ? 
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of ^^reat importancjo, wliich re«iuires more investigation than it has recicivecl. 
There seems a sort of general rule that the air of a sick-room or hospital 
should bo about 60” Kahr., and in most Continental hospitals, warmed 
artificially, this is the contract temperature ; but the propriety of this may be 
qiK^stioned.* 

There are many diseases greatly btmefited ])y a low temperature, esi)ccially 
all those with preternatural heat. It applies, I believe, almost without 
ex(iej)tion (scarlet fever ]) to the febrile cases in the acute stage, that it is 
d(;sirablo to have the tiunperature of th(i air fus low as 50”, or evem 45” or 40”. 
Cohl air iiioving over ilic. body is a cooling agent of great 2 ) 0 wcr, second only, 
if second, to cold allusion, nor is there danger of bad results if the movement 
is not too great. The Austrian experiments on tent hosi)itals f show 
conclusively that even cousiderahie cold is well borne. Even in tlie acute lung 
affections this is the (jase. Pneumonia cases do best in cold wards, provided 
there is no great current of fiir ove.r them. Many cases of plithisis bear cool 
air, and even transitions of toin]>erature, well, provided there Ixj no gniat move- 
ment of air, (jii the other hand, it lias a})pearc*d to me that chronic lu^art 
diseascjs with lung congestion, emphysema of the lungs, and diseases of th(i 
sainti class, require a warm air, and perliaj)s a moist one. Witli r(\sj)ect to 
th(i inflammatory affections of the throat, larynx, and traclica, I liavc no 
de(}id(?d evidence of my own, and have been aide to find nothing decisive in 
authors on this point; but the sjwisniodic affections of both larynx and 
bronchial tubes secun l)(Uiefit(*d l)y warmth. 

In the (nmviih^scence, also, from acute disease, cold is very badly borne ; no 
doubt, the body, aftin* tb(} previous rapid nudaniorphosis, is in a state very 
susciq)tibl« to cold, and, like the })ody of the infant, I’csists external inRuonces 
badly. Convalescents from fever must therefore be always kept warni. Tin’s 
is probably the reason why it is found inadvisalde to transfer febrile patients 
troat(^<l in a permanent }jos]utal to convalescmit timts, although patiemts 
treated from the first iji tents hav(j a good convalescence in them, as if there 
were something in habit. 


SECTION IT. 

DIFFERENT KINDS OF WARMTH. 

Ileat is comminiicated by radiation, coinluctio]i, and convection. The. laitiir 
ttirni is applied to tlie conveyance from one place to another of heat by means 
of masses of aii', while comluction is the passage of heat from one particle to 
another — a very slow jnocess. Practically, conduction and coiive.ction may 
bo l3oth considercMl un<lcr the liead of convection. 

Radiant heat has been considered by most writers the best means of wann- 
ing ; it heats the body without heating the air,! and of course there is no 
possibility of impurity ])ciiig added to the air. 

* ft i.s owing to this rule tliat in French hospitals, artificially ventilated an<l wanned hy liot 
air, tlie amount of air is Icssenetl and its temperature heightened in order to keep up the con- 
ti’act temperature of 16® C. (=5JFF.J The air is often then close and disagreeable. A safe 
genenil rule is never to sacrifice fresh air to temperature, except in the most extreme (\as<*s. 
Of course, cold currents of air are to he avohlcd if possible, hut it is safer, as a rule, to let the 
general tempeifitui’e go down, rather tlian diminish the change of air. In most cases it can bo 
coinixmsated for by additional covering. 

+ See Report on Hygiene in the Army Medical Ropoi’t for 1862, by the author . — Jilm Jiook, 
1864. The Prussians have also lately made great use of tents in the summer. 

t My friend, Dr Sankey, has made exiJeriments wliich show that the temperaturo of the 
air of a room heated by radiant heat is really lower thau the indicated temperature of the air, 
because the bulb is warmed by I’jidiation. When this is prevented by enclosing the bulb in a 
bright tin case the thermometer falls. 
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The disadvantages of radiant heat are its cost, and its feebleness at any dis- 
tance. The cost can be lessened by proper annngement, but the loss of heat 
by distance is iiTemodiabhi. The effect lessens as the square of the distance 
— /.c., if, at 1 foot distance from the fire, the warming effect is said to be 
equal to 1, at 4 feet distance it will be sixteen times less. A long room, 
therefore, can never be warmed properly by radiation. 

It has l)oen attempted to calculate the amount of air warmed by a cxirtain 
space of incandescent fire, and 1 square incli lias been supposed sufli(?i(mt to 
warm 8*4 cubic feet of air. Ihit much depends on the walls, and whether 
the rays fall on them and warm them, and the air passing over them. 

Radiating grates shmdd bo so disposed as that ever}' ray is throw out into 
the room. Tlie rules indicated by Desaguliers were applied by Ttumford. 
(>ount Eumford made the width of the back of the grate one-tliird tlui width 
of the lieartli recess ; the sides then sloped out to the front of the recess ; the 
dei)th of the grate from before backwards was made ecpial to tlu'. width of the 
back. The sides and back were to be made of non-conduciing material ; the 
chimney throat was contracted so as to lessen the draught, and insure more 
complete combustion. Tlie grate was brought as far forward as possible, hut 
still under the throat. 

^Jho open cliiimiey, which is a necessity of the use of radiant grates, is so 
great an advantage lliat this is per se a strong argument for the use of this 
kind of warming, but, in adtlition, there can bo little doubt tlmt; radiant, licat 
is really the healthiest. 

Still the immense loss of heat in our common English fire-plac(?s must lead 
to a inodificat/ion, and radiant heat must he su])plemented l)y 

Oonvectioii and Conduction. 

The air is heated in this case by passing oviir hot stones, eartlienwaro, iron , 
or copj)(‘-r ])lates, hot wat<ir, stejim, or gas jiipes. llic air in the room is thus 
heated, or the air taken from outside is warmed, and is then allow(‘d to pass 
into tlie room, if jiossible at or near the floor, so that it }i)ay projiej’ly mingle 
with the air already there. The heat of the wanning surface should not be 
great, jirobably not more than 120** to 140° Fahr. ; there should he a large 
surface feebly heated. The air also sliould not ho heated above 75° or 80° 
Fahr., and a large body of air gently lieated should be preferred to a smalh-T 
body heatcnl to a greater extent, as more likely to mix thoroimhly with the 
air of the room. 

It does not matto what the kind of surface may be, provided it is not too 
hot. If it is, the air acquires a peculiar smell, and is said to he burnt ; this 
has been, conjectured to lie from the charring of the organic mattc^r. Some 
have supposetl tlie smell to be caused by the effect of the hot air on the 
mucous membrane of the nose, but it is not jierceived in air lieated by the 
sun. Such air is also relatively very diy, and absorbs water eagerly from all 
substances whicli can yield it. 

If the air is less heated (not more than 75°) it has no smell, and the relative 
Immidity is not lessened to an ajipreciable extent. HalleFs expe^riments, 
carried on over six years with the Meissner stove common in Gemiaiiy, show 
that there the relative moisture is not lessened "with moderate warming,* and 
I have found the same result with the Galton stoves. On the otliiM* hand, 
when the plates arc too hot, the air may be really too much dried, and Dr 
Sankciy informs me that while he never found the difference betweem tbe dry 
and wet bulbs in a room warmed by radiant heat to be more than 8° Fahr., 

^ Die Liiftung und Erwannung der Kinderstube und des Krankenzimmers, von I). C. Haller* 

1860, pp. 20-88. 
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lie has noticed in rooms warmed by hot air a difference of 15° to 17"* Fahr., 
which implies a relative humidity, if the temjierature be 60°, of only 34 p(*r 
cent, of saturation, which is much too dry for health In this case the air is 
always unpleasant, and must be moistened by passing over water before it 
enters the room, if i)ossiblc ; some heat is thus lost, but not much Of the 
various means of heating, water is -the best, as it is more under control, and 
the heat can be carried everywhere. Steam is equally good, if waste steam 
can be utilised, but if not, it is more expensive. Hot-water pipes ai-e 
of two kinds : j)ipes in which the water is not heated above 200° Fahr., and 
which, therefore, are not subjected to great pressure ; and pipes in^ which the 
water is heated to 300° or 350° Fahr., and which are thei*efore subjected to 
gnjat pressure. These pipes (Perkin’s patent) are of small internal ciilibre 
(about J inch), with thick walls nuide of two pieces of welded iron ; the ends 
of the pipes are joined by an ingeniously contrivcid screw. In the low-pressuin 
japes there is a boiler from which the water cinuilates through the jujjes and 
nduriis again, outlets being jirovided at the highest j)oints for th(j exit of the 
air. In Perkin’s system there is no boiler; one portion of the tube passes 
through the fire. 

Mr Hood states tliat 5 feet of a 4-inch pijio will warm 1000 cubic feet in 
a ])ublic room to 55°. In dwelling-houses for every 1000 cubic feed 12 feet 
of 4-incli j)ipe should be given, and will warm to 65°. In shoj)s, 10 feet, 
and in workrooms 6 feet, per 1000 cubic feet are sufticient. If Perkins’ 
j)ij)es are. used, as the*, heating })Ower is greater, a less amount does, juobaljly 
about two-thirds, or a little more. 

Steam jnping is now also much used, and in some cases is more convenient 
even thai^ water. The Houses of Parliament are warmed by st(3am j:)ii)(‘s in 
a chaml)er undcir the floor ; the radiating surface of the i)ij)es is inc.reased by 
soldering on to them at intervals a number of zinc or (preferably) small 
copptjr jdates. If it is wished to lessen the amount pf h(3at, the pipes, wlujre 
provided with thin j)lates, are simj)ly coven^d with a woollen cloth. 

''Flic (3asy storing uj) and conveyance of hi‘at to any ])art of the room or 
bouse by ra(?ans of water pi})es, tlie moderate temperatuio, and the facility of 
admission of external air at any jmiiit by j)assing the fresh air over coils, or 
water leav(*s, make it cc*rtain that the jdaii of wanning by hot water will be 
greatly used in time to cona;, although the oj)en fire-place may be retaim^d for 
comfort. 

Mr George has devised a gas stove (called the Calorigen), which appears to 
be a decided improvement on the common gas stove. Gas is burnt in a 
small iron box, and the products of combustion are carried to the o}>cn air by 
a tube. Another coiled tube runs up tbroiigli the box ; this communicates 
below with the outer air, and above oj)ens into the rooms. As the fresh air 
passes through this tube it is warmed by the heat of the gas stove. Mr Eassie 
s})eaks very Well of this stove, which ho has put uj> in several pLnees. He 
says he has known on(i to b(3 persistently capable of registering fifh^en degi'oes 
a])ovo the external tempemture during a very sfevero winter, and that, too, in 
a room of over 1700 cubic feet, with the roof and tliree sides constructed of 
glass.* A coal calorigen is also made which seems to answer well, 

A plan which was j)ro}iosed 130 years ago by Desaguliers is now coming 
into general use, viz., to have an air chamber round the back and sidtis of a 
radiating grate, and to pjiss the external air through it into the room. I'hus 
a great (Economy of heat, and a considemble quantity of gently-warmed air, 
I^asses into the room, Li Captain Galton’s grate, and in the plan j)ropos(3d l>y 


Sanitary Arrangements for Dwellings, 1874, p. 140. 
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Mr Chadwick for cottages, the lower part of the chimney is also made nso of. 
The advantages of these grates art', that they coTnl)iiie a good aiuoiiiit of cheer- 
fid o})en firci, radiant heat, and chimney ventilation, with siii)plenientary wann- 
ing by hot air, so that more value is obtainoti from tlie fiuil, and larger spaces 
can be more effectually warmed. A great nnmbei* * * § of })atents have been taken 
out for grattvs of this kind. The air-chamber should not he too small, or the 
air is unduly heahd ; the ht^ated surfiice should be very larg(j ; h re-clay some- 
times gives a p(?cidiar odour to the air, wliieh iron do(,'s pot do if the surface 
of iron he v^i^ry huge and disposed in gills ; a coiiihijiation also of iron and fire- 
clay is said to l>e good, and to give no odour. I’he conduit leading to the air- 
chamber should be slioiii, and both it and the chainl)er should 1)0 able to he 
opeiicil aiul ch*aned, as much dust gets in. The iwm opening of the air- 
chamber should be so far up that the hot air may not he at once hriiathed, 
and there should be no clianee of its being at once drawn np the chimiiev. 
The action of all stoves of the kind is liable to considerabhi variation from the 
action of the wind ; and sometimes the eun*ent is (i\ eu revei*sed, and hot air is 
driven out. 

Attention has been lately directed both in France and America to the fact 
of thii comparative ejise with which gtises ])ass through r(‘(l hot cast-iron. Air 
Graham luis shown that iron heated to redness will absorb 4*15 times its 
volume of ciirboiiic oxide, and the experiments by AIAI. Deville and Troost, 
made at the retpiost of Gemiral Alorin, ])rove that in a cast-iron stove hentiNl 
with common coal thei'e i)assed through themekd in 92 hours 589 C.C. of car- 
bonic oxide,* or from *0141 to *132 jjer cent, of the air which ivas slowly 
passed over the hot surface. In America, Dr Derbyt has dinnled particular 
attention to this point, and Juts adduced vejj strong i‘(‘asoiis for Ixili^nu’ng that 
the decidedly injiuious eilects protluced by some of the jdans of 'svarjiiing 
houses, espoeially by air piissing ov(*r a cast-iron fnrna(a> heated with anthracite, 
is tine to an admixture of carbonic oxide. Professor Coidier of the Val de 
Grtlce,^ has contmided that the urnonnt of carhojiic oxide passing tlirough in 
the experiments of Deville aiul IToost is really so small, that if mixed with 
the air of a room which is fairly ventilabxl, it would be <(uito innocaious ; and 
he believes (from du’ect experiment) that the headaciho and o])])res.sive feeling 
produced by these iix)n stovcis arc3 r(*ally owing, as was formerly b(4i(ived, to 
the relative dryness of the air. But evidencje is adverse to this now. Tlie 
gas passes with much greater difBculty thi*ough wrought-iron, or through stoves 
liued with lire-clay.§ 

A great number of grates and stoves have been pi*oposed, whicli it is 
impossible henj to notice. Jn Germany many excellent stoves are now used, 
which not only economise fuel, but warjii the outside air, which is admitted 
round or under them.|| The riKulicjal ollicePs advice will be sought, lirst, as 
to the kind ; and second, as to the amount of heat. He will find no difficulty 
in coming to the conclusion that in most cases l)oth methods (radiation and 
convection) should be employed ; the air warmed ])y plates or coils of water 
pipes being taken fi*esh from the external air and tliereby conducing to venti- 
lation. Ho will be also called on to state the relative amount of rsidiant and 
convected heat, and to deteniiine the heat of the plates, and of the air coming 


* Comptes Rendus de FAcad. Jan. 1868. These experiments were first undertaken in con- 
sequence of a statement by Dr Garret, that in the department of Haute-Savoie an epidemic 
occurred which alfected persons only in the house.'} where ireii stoves were, and not porcelain. 

4 Antlirucite and Health, by O. Derby, M.D., Rrofe.s.sor of Hy;;iene in IJarvaitl Univeisity. 

X Mem. de Med. Mil. Sept. 1868, p. 250. 

§ Dr Bond has recommended a coating of silicate as a preventive against the passage of 
deleterious products through an iron stove. 

jj 8ee a good account in Roth and Lex's work (op, cU, p. 365.) 
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off them, and the doj^ree of humidity of the air. Tlie thermometer, mid the. 
dry and Wot bulbs, will give him .all the information ho wants on tliese 
points.* 

* Mr Chadwick has lately called attention to the old Roman plan of the Hyi^ix^aust, ^Yhe.re 
the door of the room is warmed by ])ij^es, or by carrying smoke-lines under it, and he has con- 
trived some ingenious plans to carry out the idea. There can be no doul»t f the great comfort 
of this pi Lii, although it appears to he expensive. Attention has been calf 1, of late years, to 
heating oi tlie whole home system, aud there can be no doubt that this is a i excellent i)l.'m, if 
]>roi)erly ‘arried out and carefully supervised. Drs Drysdale njid llayw. rd in this counti-^ 
(Health nd <Jonifort in JTouse Building, London, 1.S72), and Dr (Jriscom of New Y'ork, 
have devi ‘d ingenious plans for the puri^ose. In older countries, such as Russia, the plan is 
ill general use, but apparently with little or uo regard to i>roper supply of fresh air, or carrying 
away of foul air. 



CHAPTER XIL 

EXERCISE. 


A PERFECT state of health implies that every organ has its due share of exer- 
cise. If this is deficient, nutrition suffers, the organ lessens in size, and even- 
tuidly more or less degenerates. If it he excessive, nutrition, at first 
ai)parenily vigorous, hecomes at last ahnonnal, and, in many cases, a degenera- 
tion ocean’s which is as complete as that which follows the disuse of an organ. 
Every organ has its special stimulus Avhich excites its action, and if this 
stiimdus is perfectly normal as to quality and (piantity, perfect health is 
necessarily tlie result. 

Eut the term exercise is usually emjiloy^ed in a narrower s(iiise, and ex- 
jiresses mertily the action of the voluntary muscles. This action, though not 
ahsoliitely essential to the exercise of other organs, is yet highly important, 
and indeed, in the long run, is really necessary ; tlie heart espcicially 
is evid( 3 ntly affected })y the action of the voluntary muscles, and this may Ixj 
said of all organs, with tli(3 exception perhaps of the brain. !N^ot only the cir- 
culation of tluj blood, but its formation .and its destruction, .are ])rofoimdly in- 
lliienced by the movement of the voluntary inusclos. Without this^muscular 
movement health must ineviUibly be lost, and it becomes themfore iinporiant 
to determine the effects of exercise, and the amount which sliould 
bo taken. 

SECTION I. 

THE EFFECTS OF EXERCISE. 

(a) Otiihe Lvnrfs — FAhnination of Carbon . — The most iinport.ant efhict of 
muscular exercise is produced on the lungs. The pulmonary circulation is 
gi’eatly liinried, and the quantity of air inspired, and of carbonic acid exi)ired, 
is marvellously inen^ased. Dr Edward Smith has carefully investigated tlie 
first and the following table shows his main results. Taking the lying 

])Osition .as unity, the quantity of air inspired was found to be as follows : — 


Lying position, . 

1 

Walking and carrying 63 Ih, 3*84 

Sitting, 

1-18 

„ „ 118 fl), 4*75 

Standing, 

1-33 

„ 4 miles per hour, 5 

Singing, 

1-26 

„ .6 „ 7 

Walking 1 mile per hour, 

1-9 

liiding and trotting, . 4*05 

J? 5J 

2-76 

Swimming, . . . 4*33 

3 ,, 

„ and Ctarrying 34 H), 

3-23 

3-5 

Treadmill, . . . 5*5 


The great increase of .air insi)ired is more clearly seen when it is put in 
this way : under ordinary circumstances a man draws in 480 cubic inches per 
minute ; if he walks four miles an hour he draws in (480 x 5 = ) 2400 cubic 
inches ; if 6 miles an hour (480 x 7 = ) 3260 cubic inches. Simultaneously, 
the amount of carbonic acid in the expired air is increased (Scharling and 
many others). 
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The most reliable observations in this direction are those made by E. Smith, 
Him,* * * § Speck, t and Pctteiikofer and Voit4 As there is no doubt that tlie 
peculiar means of investigation render the experiments of the last-nanu'd 
authors as accurate as possible in the present state of science, I give them 
briefly in the following table.§ 

Absorption and Elimination in Rest and ExevcAse. 


Rest-day, 

Work-day, 


Excess on work-day (with exception 
of urea), 


. Elimination in Oramines of— 

Absorption 


of Oxygen in 
Grammes. 

Carbonic 

Acid. 


Urea, 

708-9 

911-5 

828-0 1 

37*2 

954-5 

1284-2 

204*2 1 1 

57 

246-6 

3727 

1214-1 

-0-2 


In other words, during the work-day, 3804 grains or 8*69 ounces of oxygi>ii 
were absorbed in excess of the rest-day, and 5750 grains or 13 ounces in 
excess of carbonic acid were evolved. Ex 2 >revssing this as carboji, an exctjss of 
1568 grains or 3*58 ounces were eliminated in the work-day. Tlun*(^ was an 
excess of oxidation of carbon equal to 34*6 per cent., and it must lie 
remembered that the so-called “ work-day ” included a period of rest; the 
work was done only during working hours, and was not e.xtu^ssive. 

It will l)(i observtid from these experiments that a large amount of water 
was eliminated during exercise, while the urea was slightly l(‘SS(>ned. 

It seems certain tluit the great formation of carlioiiic acid takes place in 
the mus(iles ;|| it is rapidly carried off from them, and if it is not so, it would 
seem higlily probable that their sti*ong action becomes iinjiossjble. At any 
3*ate, if the pulmonary circulation and the elimination of carbonic acid ar(* in 
any way impeded, the power of continuing the exertion rajiidly l(\ss(*ns. The 
watery vapour exhaled from the lungs is also largely increased during 
exertion. 

Muscular exerciise is then clearly necessary for a sufllcient t4imi nation of 
oarboji from the body, and it is plain tliai, in a state of proloiig(*d lest, either 
the carboniferous food must be lessened or carbon will accumnlate. 

Excessive and badly arranged exertion may lead to coiijeslion of the lungs 
and even luemoptysis. Ueflciciit exercise, on the other hand, is one of the 
causes which produce those nutritional alterations in tluj lung which we class 
as tuberculous. 

C(!rtain rules flow from these facts. During exercisi? the action of the 
lungs must be perfectly free ; not the least iiiqicdiment must be ollei’ed to the 
freest play of the chest and the action of the rcvspiratory muscles. 1'he dress 
and accoutrements of the soldier should be planned in reference to tins fact, 
as there is no man who is called on to iiiake, at certain times, greater 
exertion. And yet, till a very recent date, the modern armies of ]Miro])o were 


* Ludwig’s Pliys. 2d edit, band i. p. 743. 

+ Arcliiv des Vereiiis fiir wiss. Heilk. band vi. pp. 28,5 and 289. 

$ Zeitseh. fiir Biologic, bauds ii. and iii., and R.aiike's Phys. des Mensclieii, p. 

§ 'riie numbers given by Him and Speck are very accordant ; they will be found quoted in 
the 2d edition of this work, if it is wished to refer to them. 

II See tlie observations of Valentin and others, and especially the experiments of Sczelkow 
(Henle’s Zeitschrift, 1863, band xvii. p. 106). The amount of CO 2 passing off from contracting 
muscles was indeed so great, and so much in excess of the O passing to them, that it was con- 
jectured that carbonic acid must have been formed during contraction from substances rich in 
oxygen (such as formic acid), or that oxygen must have been obtained otherwise than from 
inspiration. 
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drossod and accoutred in a fashion wliicli took from the soldier, in a f;(rcat 
degree, that power of (ixertion for which, and for which alone, ho is selected 
and trained. . 

Tlie action of tlif3 lungs should he watched when men are being trained for 
exertion ; as soon as tlie respirations hecoirie laborious, and es 2 )ecially if thet*e 
bo sighing, the lungs are becoming too congested, and nisb is neexjssary. 

A second i)oint is, iliat the great increase of carbon excreted deiiiands an 
increase of caihoiito ))e giv(>ii in the food. There seems a general aeciudaiuie, 
among jdiysiologists, that thivS is Ixist given in the form of fat, and not of 
starch, anil this is coniinned by the instinctive api)etite of a man taking 
exertion, and not ri.*strained in the choice of fooil. 

A tliird rule, is, tlnit as sj)irits lessen the exeretion of pulmonary carbonic 
acid, tliey are hurtful during exercise ; and it is perliaps for tliis reason, as 
well as from tluur deiideniiig action on tlie nerves of volition, that those who 
take s])irits arc incapable of great exertion. This is now w(dl und(*rstoo<l by 
trainers, who alloAV no spirits, and but little wine or b(?er. Tt is a curious 
fa(;t, stated by Artmann, that if men undergoing exertion take spirits, tliey 
take le-ss fat. Possibly in ideality tliey lessen the amount of exertion, and 
therefore rcipiire l« 3 ss fat. Water alone is the host Iluid to train on. 

A fourth rule is, that as the exc.retion of carbonic acid (and perhaps of 
pulmonary organii*/ matter) is so much iiicreast^d, a much larger amount of 
{Hire, air is m*eessary ; ami in evei*y covered building (as gymnasia, riding- 
schools, iV:c.) wher^^ exercise is takem, the ventilation must be curried to the 
gi'eati‘.st possible extent, so soon doiNs the air bcijomc vitiated. 

(h) Oh thit Hrart und I'he action of the heart rapidly increases 

in force and frciquency, and tljii flow of blood tlirongh all pai'ts of Iriie body, 
inclmling the heart itself, is augmented. The amount of increase is iiKsnally 
from ten to tliii’ty l)eats, but oiieasionally much more. After exe.rcise, the 
heart’s action falls ludow its normal amount ; and if the exercise has been 
exceedingly prolonged and severe, may fall as low as iifty or forty per minute, 
and become intermittent. During exertion, when the heart is not oppressed, 
its heats, though ra{)id and foreitde, are regular and eiiuable ; ])ut when it 
beecuiies eju])aiTassO(I, the pulse becomes very <{uick, small, and tlien uiie([ual, 
and even at last irregular. Wlien men have gone through a good ilanl of 
exertion, and then are called u 2 )on to make a sudden effort, I have known the 
iiulse become very small and ipiick (160-170), but still retain its cipiahility. 
Iliere seems no liarm in tliis, hut such exertion liaiinot he long continued. 

Tlje ascension of heights greatly tries a fatigued heart. The accommodation 
of tb(3 heart to groiit (jxevtion is puoliahly connected with the easy How of 
blood through its own structure. 

Excessive exercise leads t(i alfoetion of the heart ; ruj)ture (in some few 
cases), 2 >alpitution, hyperti-ojdiy in a good many cases, and more rarely valvular 
disease. These may he avoided liy cariiful training, and a due j)ropoi*tion of 
rest. Injuries to vessels may also result from too sudden or prolonged exer- 
tion. The sj>hygmograi)hic observations of Dr Fraser* on the pulses of men 
afti^r rowing, shoAv how much the pressure is increased. 

l.)eficieut exercise leads to weakening of the heart’s action, and probably to 
dilatation and fatty d(?geiieration. 

In commencing an unaeciistomed exercise, the heart must he closely 
watched ; excessive rapidity (120-110), inerpiality, and then irregularity, Avill 
point out tliat rest, and then more gi*adual exercise, is necessary, in order that 
the heart may he accustomed to the work. 


Journal of Physiology, Nov. 1868. 
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(c) On file. The skin becomes red from turgescence of tbo vessels, 

and perspiration is increased ; water, chloride of sodium, and acids (j;)r«)))ahly 
ill part fatty), piiss off in great abundance. It was fornwjrly suj)posed that 
urea also piussed off in this way, but this is not the case. No gaseous nitrogim 
is given oil* in healthy men from the skin. 

I'hc amount of fluid passing off is not certain, but is very great. Speck's 
exj)(?.riment8 show that it is at least doubled under ordinary conditions. 
Pettonkofm* and Voit’s expcj-iments show even a larger increase. The usual 
ratio of the urine to the lung and skin excreta is rcvei’sed. Instead of lieing 
1 to 0*5 or 0-8, it becomas 1 to 1*7 or 2, or even 2*5. This evajioration re- 
duces and regulates the. heat of the body, which would otherwise soon become 
excessive \ so that, as long ago pointed out by Dr John Davy, the body tean- 
peraturo rises little above th(i ordinary temperature. No amount of external 
cold seems to be able to hinder the passjige of fluid, though it may ]^artly 
ch(,‘ck the rapidity of evaporation. If anything check evaporation, tlie hody- 
heat increase's, and soon languor comes on and exertion hecomt's diflicailt. 

During excirtioii there is little danger of chill under almost any circum- 
stances ; hut when exi'rtion is over, there is then gi*eat danger, because the 
heat of the body ra])idly dcicliiies, and falls below thenatin-al amount, and yet 
evaporation from the skin, which still more rculuccjs tlx* lieat, (umtinues. 

"Idle rules to be draAvii from these facts arii— that the skin should be. kept 
extrmmdy clean ; during the period of exertion it may be thinly clothed, but 
iinmodiattdy afterwards, or in the intervals of exertion, it should lx*. cov<MH?d 
.sufliciently well to jireveiit the least feeling of coolness of the surface. 
Ilaniiel is best for tliis imrjiosi?. 

{(1) the Viilmititrn Mmv.les, — The muscles grow, become lianler, and 
respond more readily to volition. Their growth, however, has a limit ; and 
a single mus(;le, or group of 3nuscles, if exercised to too great an extent, will, 
after growijig to a great size, eommeneo to waste. But this seems not to he 
the case wheii all the muscles of the body ai’o exercised, probably Ix.^cause no 
musclci can then hn over-exoriiised. It seems i.o he a fact, liowcwer, that 
longed exertion, without suflieient rest, damages to a certain extent the nutri- 
tion of tlu'. muscles, and they l)ecome soft. 

The rules to he. (Irawii from these facts are, that all muscleKS, aud not single', 
groups, should he brought into play, and that periods of exi'-reise must be 
alternated, especially in early t mining, with long intervals of rest. 

(c) On the Nervon^ Sijstein, — The effect of exercuse on the mind is not clear. 
It has bee.ii supposed that intellect is less active in men who take excessive 
exercise, owing to the greater expenditure of nervous force in that dii\;ction. 
But there is no doubt that giv.atliodily is quite consistent with extreme mental 
activity ; and, indeed, considering that 2 )erfect nutrition is not possible exc.ept 
with bodily activity, we should infer that sufficient exercise would be necessary 
for the perfect performance of mental work. Doulitless, exercise may he 
piisht'.d to such an extreme as to leave no time for mental cultivation ; and 
this is perhaps the explanation of the proverbial stupidity of the athleta?. 
Deficient exercise causes a heightened sensitiveness <if the nervous system, a 
sort of morbid excitability, and a greater susceptibility to the action of 
external agencies. 

(/) On the Dujestive Stjdem. — ITie appetite largely increases with exercise, 
especially for meat and fat, hut in a less degree, it would appear, for tlie 
carbohydrates. Digestion is more perfect, and absorption is more rajud. 
The circulation through the liver increases, and the abdominal circulation is 
carried on with more vigour. Food must be increased, especially nitrogimous 
substances, fats, and salts, and of these especially the phosphates and the 
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cliloriiles,* The effects of exercise on digestion arc greatly increased if it be 
taken in the free air, and it is then a most valuable remedy for some forms 
of dyspepsia. (♦Fames Blake, Pcieific Medical and Sm^gical Journal^ 1860.) 
Conversidy, deheieiit excMcise lessens both appetite and digestive power. 

(fy) On tJw Generative Orgam^. — It has been su])posed that puberty is 
delayed by ])hysieal exertion, but perhaps the other circumstances have not 
been allowed full weight. Yet, it would appear that very strong exercise 
less(?ns sexual desirt‘., possibly because nervous energy is turned in a special 
direction. 

(A) On the. Kidnege. — The water of the urine and the chloride of sodium 
oft(m h'ssmi in coiisecpience of the increased passage from the skin. The 
urea is not much changed (see after). The uric acid increases after great 
exertion; so also a})parently the j^igment ; the phosphoric acid is not 
augmented ;t the sulphuric acid is moderately increased ; the free carbonic 
aciil of the urine is increasod ; the chloriiles are h^sseiiod on account of the 
outflow by the skin ; tlui exact amount of the bases has not been determimid, 
but a greater excess of soila and potash is eliminateil than of lime or 
magnesia; notliing certain is known as to hippuric acid, sugar, or other 
substances. J 

(z) On the Boweli<. — Tlio effect of exercise is to lessen the amount, partly, 
pi'ohahly froju lessened passage of Avater into the intestimjs. The nitrogen 
dot^s not a))pe‘av to bo much altered.)^ 

{k) On the JiJli mi nation of Nitrogen. — great number of (experiments have 
been made in the amount of nitrogen passing oif by the kidmeys duiing 
ext>rcise.|| The amount of urea has b(Km usually determined, and the 
nitrogen luis heiui calculated from this; Meissner has determiiKed tluj amount 
of the cneatin, and the creatinine ;1I while Fick, and Wisliconus have compared 
the total nitrogen (by soda lime in the manner of Voit) as well as the ureal 
nitrogreii, and .1 have rejxeated their cxixeriimmts.** "I’lie (exporinuents have 
been usually carried on by determining the nitrogenous excretion in twenty- 
four hours witli and Avithout exercise ; but in some, the p(iriod during Avhich 


Jt is yet iiTicertjiin wliat kind of diet should be allowed during h)ng marches in the trojnes. 
Cirk has informed me that in South Africa (10'' to 17' S.I..), during Dr Livings tom*.’ s second 


* Jt i 
Dr Kirk 1 

expedition, a large <iuantity (21b) of animal food was found to he essential ; this was preferred, 
though any (piaiitity of millets and Icguminosw could have heeu procured. Fat Avas taken in 
large (piantities. Jt was found, also, that boiled was better tlian roast me.at, because the men 
could eat more of it. No Iml effect whatever was traceable to the use of this great amount of 
meat, even in the iiiteiisest heat. 

+ T believe I can be certain of this from my own experiments. 

X In the careful observations made by Dr Pavy on Weston the pedestrian (Lancet, Dec. 1876), 


the following changes were found ; taking the amount excreted duriu] 


^ rest as 1 : — 


Const irucuts. 

Kest. 

Walking. 

ITrea .... 

1 

. 1-743 

Uric acid 

1 

. 1-287 

Chlorine 

1 

•478 

Sulphuric acid 

1 

. 1*520 

Phosplioric acid . 

1 

. . . . 1-985 

Soda .... 

1 

•822 

Potash 

1 

. 1-424 

Lime .... 

1 

. 1-559 

Magnesia . 

1 

•989 


All the constituents thus appear to be increased, except tlie chlorine and the soda, which are 
notably diminished, especially the chlorine ; the magnesia is also diminished, but in a much 
less degree. In these experiments, however, the diet was not uniform. 

§ Proceedings of Uoyal Society, No. 94, 1867, p. 52. 

Ij For a statnient of these experiments up to 1860, T niay refer to my work On the Com- 
position of the (Trine, 1860, p. 85. Since this time the chief experiments have been by Voit, 
Pettenkofer, J. Eankc, E. Simth, Ilaughton, Fick and Wislicenus, Byasson, Noyes, Meissner, 
Pavy, and otliers. 

^ Henle’s Zeitsclirift fiir rat. Med. band xxxii. p. 283. 

*♦ Proceedings of the Royal Med Society, No. 89 (1867), and No. 94 (1867). 



EFFECTS OF EXERCISE. 


415 


work was actually j)orformed was compared with previous and subsequent 
eijual rest periods. Some experiments were performed on men who took no 
nitrogen as food ; others were on men on a constant diet, so that the variation 
2>ro(luced by the altering ingress of nitrogen was avoided as far as possible. 

Ill tliis i)lace it is inii^ossiljle to give an account of these long rcseai*ches, 
aiul I must venture on a short summary. (1.) When a period of exeniise is 
compared after an interval with one of rest (the diet being without nitrogen 
or with uniform nitrogen), the elimination of nitrogen by the kidneys is 
decidedly not increased in the exercise period. The experiments on this 
point are now so numerous that it may be stated without doubt. It is 
possible that the elimination may even be less during the exercise than during 
the work pcjriod. This would apjiear in jmrt from some of Eanke's and Fick 
and Wislicenus’ experiments^ from Noyes, as far as regards the urea; and 
from Meissner's, as far as the creatin (or creatinine) is concerned; while I 
found a decrease both in the total nitrogen and in the urea. Tlie decreasci in 
my experiments was not inconsiderable. Additional observations are, how- 
ever, much wanted on this [loint. 

(2.) When a day of rest is compared with a day of work (z.c., a day with 
some hours of work and some hours of rest), the amount of nitrogen is almost 
or (juite the same mi the two days ; if anything there is a slight increase in 
the nitrogen on the rest day. In a day of part exercise and ])art nist, 
it is (piite j)ossible tliat there may be comiiensatorv action, one j^art balancing 
th(5 otlicir, so as to leave tlio total excretion little cliaiiged. 

(3.) When a iieriod of gr(3at oxercusci is immediately followed by an e<[ual 
period of rest, the nitrogemous elimmatioix is increased in tlie latter. 
MeissnenJs observations show tliat this is in part owing to increased discharge 
of (jreatin and (jroatiiiino ; my observations also show an increase of non-ui‘(?al 
nitrogen. Hut the urea is also slightly increased in this period. 

(4.) When two days of comjdetc rest are immediat(dy followed by days of 
common exercise, tlie nitrogenous elimination diminishes during the first day 
of exercise.* 

On the whole, if I have stated the facts correctly, the effect of exercise is 
certaiidy to influence the elimination of nitrogen by the kidneys, but within 
narrow limits, and tlio time of increase is in the period of rest succeeding the 
exercise ; while during Uie. exercise period the evidence}, though not certain, 
points rather to a lessening of the elimination of nitrogen. 

It would apjiear from those facts that well-fed persons taking exercise would 
ro(piiro a little more nitrogen in the food, and it is certain, as a matter of ex- 
perience, that persons undergoing laborious work do take more nitrogimous 
food. This is the case also with animals. The ijossible reason of this will 
ajjpear jiresontly. 

(^) On the Temperature of the Body . — As already stated, the tempeniture 
of the body, as long as the skin acts, rises little. Dr Clifford- Allbutt, f from 
observations made on himself when climbing tlie Alps, J found his temperature 
fairly uniform ; tho most usual effect was a ^slight rise, compensated by aii 

* Thi.s fact at presents rests only upon ray observations ; it has an important bearing on the 
interpretation of the facts connected with the eliraliiation of nitrogen, and I hope observations 
by otliera will soon confirm or disprove it. 

t Alpine Journal, May 1871. 

X In the experiments made by Dr Calberla * and his two guides, during tlieir ascents of 
Monte Rosa and the Matterhorn, in August 1874, no depressions were found as have been 
recorded by other observera. In none of the three persons did tho temperature ever fall below 
36® 4C (=97’5 P.), or rise above 37*8 C. (=100® F.) Dr Thomas of J^eipsic, in ascents in 
Savoy and Daiiphin4 (3,500 and 3,760 metres) could also find no lowering of temperature. 


t Aixhiv der Heilkonde, 1875, p. 276. 
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oarlier setting in of the evening fall. On two occasions he noticed two curious 
flepressions, amounting to no less than 4* * * § ^*5 Fahr. ; he believes these were due 
to want of food, and not to exercise se. In exptiriments on soldiers when 
marching, I have found no diilerence in temperature ; or if there was a very 
slight rise, it was subse<piently compensated for by an eijual fall, so that the 
mean daily temperature remained the same.* A decided rise in temperature 
during marching would then show lessening of skin evaporation, and may 
possibly bo an im}>ortant indication of im])ending sunstroke. 

Cluwgos in the MnscUn. — The discussion on tliis head involves so many 
obscure })hysiol()gical points, that it would he out of place to pursue it here to 
any lengtlu Idie cliief changes during action ap])ear to be these : — There is 
a considcM’able increase in temperature (Helmholtz) which, up to a certain 
])oiut, is i»roportionc*d to the amount of work. It is also juoportiom^d to the 
kind, being less when the muscle is tdlowed to shorten than if prevented from 
shortening (lleidenhaiii) ; the neutral or alkaline reaction of the traii([Uil 
muscle be('omes acid from para-lactic acid and acid potassium phosphates ; the 
venous l)Iood pjissing from the muscles becomes miuib darker in colour, is 
miicJi less rich in oxygen, and contains much more car])oiiic acid (Sczelkow) ; 
tln‘ I'x tractive matters soluble in W'ater lessen, thosci soluble inalcobol increase 
(Helmholtz, in frogs) ; the amount of water increases (in tetanus, J. Eanke), 
and the blood is consequently poorer in water ; the amount of allmmen in 
tiitanus is less according to llanko, but Kiihne has poLnt(*d out that the num- 
bers do not justify this inference. t llaroii »i, von Lie))ig stated tJiat tiio 
ereatin is increased (but tliis wasan inf(‘renee from old ol)servations on the cx- 
tractum e.arnis of hunted animals, and requm*s coiilirmation). Sarokin has 
stated the* same fact in rf^spoct of th<) frog. The electro-motor currwits show 
a decided diminution during contraction. 

That great molecular clianges goon in the contracting muscles is certain, 
hut their exact nature is not ch*ar ; according to Ludimar Hermann, J tliere is 
a jelly-like separation and coagulation of the myosin, and then a resumption 
of its prior form, so that there is a continual splitting of the muscular struc- 
ture into a myosin coagulnm, carbonic acid, and a free acid, and this constitutes 
tljc main molecular movement. But no direct evidence has been given of this. 

increased heat, the great amount of carbonic acdil, and tliii disa})p(iaranco 
of oxygen, combined with the respiratory phenomena already noted, all seem 
to sliow that an active oxidation goes on, and it is very probable that this is 
tlie source of the muscular action. The oxidation may be conceived to take 
place in two ways — either during rest oxygen is absorbed and stored up in 
Ihti musedes and gradually acts there, producing a substance which, when the 
muscle contracts, splits Tip into lactic acid, carbonic acid, <fec. ; or, on the other 
liand, during the contraction an increased absorjtion of oxygen goes on in the 
blood and acts upon the muscles, or on the sid>stances in the blood circulating 
through the muscles.§ The first view is strengthened by some of Pettenkofer 
and Voit*8 experiments, which show that during rest a certain amount of 
storage of oxygen goes on, which no doubt in part occurs in the muscles them- 
selves. Indeed, it has been inferred that it is this store<i up oxygen, and not 
that breatlied in at the time, which is used in muscular action. The increased 
oxidation gives us a reason why the nitrogenous food must bo increased during 

* Proceeilings of Royal Society, No. 127 and No. 136. 

t der Phys. Cheni. 1868, p. 323. 

X UntcTH. liber den Stotfwechsel der Muskeln, von Dr L. Hermann ; Weitere Untorsuch. 
zur phys. der Muskeln, von Dr L. Hermann, 1867. 

§ Heaton (Quarterly Journal of Science, 1868} has given strong reasons for believing that 
the oxidation goes on in the blood. 



THE EXHAUSTION OF MUSCLES. 


417 


periods of groat exertion. An increase in the supply of oxygen is a necessity 
for increased muscular action ; but Pettenkofor and Voit's observations (see 
page 188) have shown that the absorption of oxygen is dependent on the 
amount and action of the nitrogenous structures of the body, so that, as a matter 
of coui'se, if more oxygen is required for increased muscular work, more nitix)- 
gonous food is necessary. But apart from this, although expeiiments on the 
amount of nitrogenous elimination show no very great change on the whole, 
there is no doubt that, with constant regular exercise, a muscle enlarges, 
becomes thicker, heavier, contains more solid matter, and in fact, has gained 
in nitrogen. This process may be slow, but it is certain ; and the nitrogen 
must either be supplied by increased food, or be taken from other i^arts.* 

So that although we do not know the exact changes going on in the muscles, 
it is, I presume, certain that regular exercise produces in them an addition of 
nitrogenous tissue. 

Whether this addition occurs, as usually believed, in the period of rest suc- 
ceeding action, wlioii in some unexj^laincd way the dcwtriiction whiidi it is i)re- 
sumed has taken place, is not only repaired, but is exceed(id (a process 
difficult to understand), or whether the addition of nitrogen is actufiUy made 
during the action of the muscle,! must be left undecided for the present. 

The substancc'.s which are thus oxidised in the muscle, or in the blood circu- 
lating through it, and from which the energy manifested, as heat or muscular 
movement, is believed to l)e derived, may probably be <if dillerent kinds. 
Under ordinary circumstances the experiments and calculations of Pick and 
Wisli(jenus, and others, and the arguments of Traube, seem sufficient to show 
that the non-nitrogonous substances, and perhaps esj)ecially the fats, furnish 
thti chief substiincos acted upon. But it is probable that t))cnit3*oge)ious sub- 
stances also furnish ii contingent of energy. J The exftet mode in which the 
energy thus liberated l>y oxidation is made to assume the form of mechanicid 
motion is (piite obscure. 


The Exhaiidion of MimiUs. 

There seems little doubt that the exhaustion of muscles is chiefly owing to 
two causes — first, and j)rin(jipally, to the accumulation in tliemof the products 
of their own action (especially para-lactic acid) ; and, secondly, from the ex- 
liaustion of the supply of oxygen. Hence rest is necessary, in order that the 
blood may neutralise and carry away the i)roducts of action, so that the muscle 

* The way in which a vigorously acting i>aTt will rob the hody of nitrogen, and thus, in some 
cases C4iuse death, is seen in many cases of disease. A rapidly growing cancer of the liver, for 
Gxaiin)Ie, takes so much nitrogen as well as fat that it actually starves the rest of the body, 
and both voluntary muscles and heart waste. This is the case, though it is less marked, with 
growing tumours of other parts, and with great discharges. Powerful muscular action, if the 
food is not increased, evidently acta in something the same way ; the health is greatly affected, 
and the heart especially fails. 

+ I have suggested, in a Paper in the Proceedings of the Poyal Society, No. 94, 1867, this 
view, which seems to me not only in acconlance with the facts of the nitrogenous elimination as 
far as known> but to agree with Pettenkofer and Voit’s experiments on the stoiing up of the 
oxygen and its probable hetion during rest. But I do n8t think it is <iesirable, iiiitd many 
more experiments have been made, to accept this view in any other light than an hypothesis. 
If it be correct, it will have important consequences on the doctrine of nutrition, but it would 
be premature to use it at present to explain the phenomena of growth and decay. 

t Pavy shows, in his observations on Weston and Perkins, that the excess of nitrogen 
eliminated during the walking period, over the period of rest, was equivahnit to about £J42 
foot-tons per man pei’ diem. The total average daily work done, he states, at 1264 foot-tons, 
but this 18 an under-estimate, as the velocity was api)arently greater than that of average 
walking, the coefficient of which he assumes as the proportion of resistance. N.B,— One 
grain of nitrogen eliminated, represents an amount of albuminate expended, capable of yielding 
about 2*4 foot-tons of potential energy. Although some of the excess of nitrogen eliminated 
during exorcise, as noted above, may have been due to disintegration of muscle, part of it 
W£W due (undoubtedly) to changes in other tissues, but a considerable amount is due to direct 
oxidation of albuminous food. 
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may recover its neutrality and its normal electrical curi'ents, and may again 
acquire oxygen in sufficient quantity for the next contraction. In the case of 
all muscles these intervals of action and of exhaustion take place, in part even 
in the period which is called exercise, hut the rest is not sufficient entirely to 
restore it. In the case of the heart, the rest between the contractions (about 
two-thirds of the time), is sufficient to allow the muscle to perfectly recover itself. 

The body after exertion eagerly absorbs and retains water ; the water, 
though taken in largo quantities, does not pass off as rapidly as usual by the 
kidneys or the skin, and instea<i of causing an augmented metamorphosis, as 
it does in a state? of rest, it produces no effect whatever. So completely is it 
retaiueil, that although the skin has ceased to perspire, the urine does not in- 
crease in quantity for several hours. The quantity of water taken is some- 
times so great as not only to cover the loss of weight caused by the exercise, 
but even to increase the weight of the body. 

We can be certain, then, of the absolute necessity of water during and after 
exercise, and the old rule of the trainer, who lessened the quantity of water to 
the lowest point which coxdd be borne, must be wrong. In fact, it is now 
being abandoned by the best trainers, who allow a liberal allowance of liuid. 
The error probably arose in this way : if, during great exertion, water is 
denied, at the end of the time an enormous quantity is oftiui drunk, more, in 
fact, than is necessary, in order to still the over])oweriiig thirst. The sweating 
whi(;h the trainer had so sedulously encouraged is thus at once c-oniiiensatecl, 
and, in his view, all has to be done over again. All this seeans to be a inis- 
apprcjbension of tbe facts. ^J.'he body must have water, and the i^roper plan 
is to let it pass in small (xnantities and frequently ; not to deny it for houm, 
and then to allow it to pass in in a deluge. The plan of giving it in small 
qiiantituis frequently, does away with two dangers, viz., the? ra])id ]>assagc of 
a large quantity of cold water into the stomach and blood, and the taking 
more tlian is necessary,* 

In the Friiiich army, on the march, the men are directed not to drink ; but 
if very thirsty, to hohl water in the mouth, or to carry a bullet in the mouth. 
It is singular, in that nation of practical soldiers, to find such an order. 
Soldiers ought to he abundantly supidicd with xvater, and taught to take 
small qiiantiti(is, when they begin to feel thii*sty or fatigued. If they are 
hot, the cold water may be held in the mouth a minute or two before 
swallowing, jis a precaution ; though, I must say, as far as I have seen, 1 
have never known any ill effects from drinking a moderate quantity of cold 
water, even during the greatest heat of the body.f 

General Effect of Exercise mi the Body, as judijed of hy the jprecediny facts . — 
The main elleet of exercise is to increase oxidation of carbon, and perhaps 
also of hydrogen ; it also eliminates water from the body, and this action con- 
tinues, as seen from Pettenkofer and Voit’s experiments, for some time ; after 
exercise, the body is therefore poorer in water, especially the blood ; it 
increases the rapidity of circulation everywhere, as well as the i)ressure on the 
vessels, and therefore it causes in all organs a more rapid outflow of pLisma 
and absorption, — in other words, a quicker renewal. In this way also it 
removes the products of their action, which accumulate in organs; and restores 


* It is l»iit right to say that many travellers of great experience have expressed great fear 
of water under exertion. Some of them have most strongly urged that “water be avoided 
like poison/' and have stated that a laige quantity of butter is the best preventive of thirst. 
At any rate, the butter may be excellent, but a little water is a necessity, 

+ Horses also used to be, and by some are now, deprived or stinted of water during exercise. 
But in India, the native horsemen give their horses drink as often as they can ; and Dr 
Nicholson tells me this is the case with the Cape horses ; even when the horses are sweating 
profusely, the men will ride them into a river, bathe their sides and allow them to drink. 
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tlio power of action to tlie various parts of the body. It increases the outflow 
of warmth from the body by increasinfj perspiration. It therefore strengtliens 
all parts. It must be combined with increased supply both of nitrog(3n and 
carbon (the latter possibly in the form of fat) otherwise the absor2)tiou of 
oxygen, tluj molecular changes in the nitrogenous tissues, and the eliiiiiuation 
of carbon, will be checked. There must be also an increased supply of salts, 
ctjrtainly of chloride of sodium; probably of pobissiiim pho82>hate and 
chloride. There must be proper intervals of rest, or the store of oxygen, and 
of the material in the muscles which is to be m(itamor2>hosed during contrac- 
tion, cannot take phico. The integritj'^ and perfect feedom of action both of 
the lungs and heart are essential, otherwise neither absorption of oxygen nor 
elimination of carbon can go on, nor can the necessary increased supply of 
blood be supplied to the acting muscles without injury. 

In all those points, the inferences deducible from the j)hysiological in<2uirios 
seem to be (^uite in harmony with the teachings of experience. 

SECTIOJ^ IT. 

AMOUNT OF EXERCISE WHICH SHOULD BE TAKEN. 

It would be extremely important to determine, if possible, the exact amount 
of exercise which a h(ialthy adult, man or woman, should take. Every one 
knows that great errors are committed, chiefly on the side of defective 
ex(ircise. It is not, however, easy to fix tliij amount even for Jin avoragi? 
man, much less to give any rule which shall ajijdy to all the (livt?rs conditions 
of health anrl strength. But it is, I think, certain that muscular work is not 
only a lujf.essity for luuilth of body, ])ut for jnind also ; at least it has s('OUi(jd 
to me tliat diminution in the size of the bod}^ from deiicient muscular u'ork 
seems to lead in two or three generations to degenerate mental formation. 

The external work which can he done by a man daily has been estimated 
at -J^th of th(3 work of the 1101*80 ; but if the work of a horse is considered to 
bo equal to tlie l-hoi*so i)OweT of a steam engine (viz., 33,000 lb raised 1 foot 
high j)er minute, or 8839 tons mised 1 foot high in ten hours), this must be 
an over-estimate, as -J-th of tliis would bo 1263 tons raised 1 foot in a day’s 
work of ten hours.* The hardest day’s work of tw(;lv(i hours I have ever 

* In some worksj on physioloj^y a man’s work of eight hours has been put as high as 316, SOO 
kit^gramnieiuetrcs, or 10*20 tons lifted a toot ; hut thiss is far too much. 

Ill this country, tlie ariiount of work done is generally estimated as so many Ihs. or tons 
lifted 1 foot. In France it is expressed as so many kilogrammes lifted 1 Jiietre. Ivilogranime* 
metres are converteil into foot-i>oun(ls, by multiplying by 7’ ‘233. To bring at once into tons 
lifted a foot, multiply kilogrammemetres by ’003229. The following tal>]e may be useful, as 
expressing the amount of work done. It is taken from Dr Haiightdii’s work (A New Theory 
of xMusciilar Action). The numl)er8 are a little dilferent from those given by Coulomb, as 
they were recalculated by Dr Haiighton in 186*3. 


LAnoLiUNo Fouck of Max. 


Kind of Work. 

Amount of Work. 

. L 

Authority. 

Pile driving, .... 

312 tons lifted 1 foot. 

Couloinl). 

Pile driving, .... 

35*2 „ 

Lamaude. 

Turning a winch, .... 

374 „ 

Coulomb. 

Porters carrying goods and returning ) 
unladen, . . , • • f 

325 „ ,, 

>> 

Pedlars always loa<led, 

303 „ 


Porters carrying wo(^ up a sbiir and \ 
returning unloaded, . . . f 

381 „ 

1 if 

Paviours at work, . . . 

352 ,, „ 

Flaiiglitoii. i 

Military prisoners at shot drill (3 hours), ) 
and oakum picking, and driU, . . ) 

I 310 „ 

„ ! 

Shot drill alone (3 hours), 

X60-7 „ 
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myself known a man do, was in tlie case of a workman in a copper rolHno:- 
milL He stated that he occasionally raised a weight of 90 Ih to a heiglit of 
18 inches, 12,000 times a-day. Supposing this to be correct, he would raise 
723 tons 1 foot high. But this much overpasses the usual amount. The 
same man*s ordinary day’s work, which he considered extremely hard, wjis 
raising a woiglitof i24 6) 16 inches, 5000 or 6000 times in a day. Adopting 
the larger number, this would make his work equivalent to 442*8 tons lifted 
a foot ; and this was a hard day’s work for a powerful man. Some of th(^ 
puddlers in the iron country, and the glass-bloweis, probably work harder 
than this ; but I aiii not aware of any calculations. I learned from a pedlar, 
that an ordinary day’s work was to carry 28 Ib twenty miles daily. The 
weight is balanced over the shoulder, — 14 Ib behind and 14 lb in front. The 
work is equal to 419*5 tons lifted 1 foot. It would,- therefore, seem certain 
that an amount of work equal to 500 tons lifted a foot is an extremedy hard 
day’s work, which j)erhaps few men could continue to do. 400 tons lifted a 
foot is a hard day’s work, and 300 tons lifted a foot is an average day’s work 
for a healthy, strong adult. 

The external work ivS tlius 300 to 500 tons on an average ; the internal 
work of the heart, muHcles of r<'.8piration, digestion, &c., has been variously 
estimated ; tlie estimates for the heart alone vary from 122 to 277 tons lifted 
a foot. Th(i former is that given by Haughton, who estimates tlie res])iratory 
movements as about 11 tons lifted a foot in 24 hours. Adopting .a mean 
number of 260 tous for all the internal mechanical work, and the extcu’nal 
work of a mtichanic b(3ing 300 to 500 tons, this wiU amount to from Jth to 
^th of all the forcre ohtfiinahle from tho food. 

The excidioii Avliich the infantry sohlier is called upon to undergo is chiefly 
dinll and carrying weiglits on a level, or over an nntweii surface. 

The Eeverend Prof(*,ssor Haugliton, M.D., who is so well known for his 
inqiortant contributi<ms to physiology^ and medicine, has shown that walking 
on a Itivel surface at the rat(3 of about 3 miles an hour is eipiivahmt to 
raising Jotli part of the weight of the body through tho distance walked ; an 
easy calculation changes this into tlie weight raised 1 foot. When ascending 
a lieight, a man of course raises liis whole weight tlirough the height asctmdecl. 

Using tills formula,* and assuming a man to weigh 150 lb witlihis clothes, 
we got th(i following table : — 


Kind of Exei*cise, 


Work done In Tons 
liftt'rt I fo«)t. 




Walking I mile, 

2 

jj 


J5 


XV „ . 

20 „ . 

1 „ and 


2 



10 

20 


if 


carrying 60 lb, 


17*67 

35*34 

176*7 

353*4 

24*75 

24*75 

247*5 

495 


It may be intcrostim? to give some examples of work done in Imlia by natives, which have 
been "iven me i)y Dr de Chaumont:- 

A beptcha hill-coolio will go from Punkaharroe to Darjeeling (thirty miles, ami an ascent of 
5500 feet), in three days, carrying 80 lb weight, the weight is earned on a frame supported on 
the loins ami sacrum, and aided by a baud passed round the forehead. 

Work per diem, 500 tous lifted 1 foot. 

Eight palanquin bearers carried an ollicer weighing 1801b, and palannuin weighing 250 lb. 
twenty- live miles in Lower Bengal. Assuming each man weighed 150 lb the work was 600 
tons lifted a foot. 

( W + W') X D 

* The formula is ~2i) * ^bere W is the weight of the j^erson, W' tho weight car- 

ried j D the distance walked in feet ; 20 the coefficient of traction ; and 2210 the number of 
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It ia thus seen that a march of ten miles, with a weight of CO S) (wliich is 
nearly the weight a soldier carries when in marcliing order, but vithout 
blankets and rations), is a moderate day’s work. A twenty-miles* march, with 
60 Ib weight, is a very hard day’s work. As a continued labouring effort, Dr 
Ilaughton believes that wtdking twenty miles a-day, without a load (Sunday 
being i‘est), is good work (353 tons lifted a foot) ; so that the load of 60 ft 
additional would make the work too hani for a continuance.* 

It must, however, be remembered, that it is understood that the walking is 
on level ground, and is done in the easiest manner to thii pemon, t«id that the 
weights whi(jh are carried are properly disposed. The labour is gi’eatly 
increjised if tlie walk is irksome, and the weights are not W(}11 adjusted. And 
this is the case 'with the soldier. In marching, his attitude is stiff ; he 
observes a certain time and distance in each step ; he has none of those sliorter 
and longer stejjs, and slower and more rapid motion, which assist the ordinary 
pedcistrian. It may be questioned, indeed, whether the foniiula does not 
under-estimate the amount of work actually done by the? soldier. The work 
becomes heavicir, too, i.c., more exhausting, if it is done in a shorter time ; or, 
in other words, velocity is gained at the expense of carrying power, f The 
velocity in fact, ne., the rate at wliich work is done, is an important element 
in the question, in consequence of the strain thrown on the heart and lungs. 
The Oxford boat races — ro'wing at racing speed ( = 1 mile in 7 minutes) in an 
Oxfonl eight-oar, or 18*56 foot-tons in 7 minutesj is not apparently very hard 


liounds ill a ton. The result is the number of tons liaised 1 foot. To get the distance in feet, 
multiply 5280 by the number of miles walked. 

* I calculated the work done by the sledge-parties in the Arctic Expedition of 1875-6, and 
found that the Northern party (Markham’s), did a mean of 574 foot-tons i>er man per diem, 
with a maximum of 859 ; the Western pai*ty (Aldrich’s) <lid a mean of 448, and a inaximuni of 
over 600. Even this large amount was considered an under-estiiuate by tlie Commanders. 
(See Report of Committee on Outbreak of Scurvy (JUue Book) A}>p. 24, p. 365). [F. de C.j 

+ Dr Haughton {I’rinciples of Animal Mechanics, 2tl ed. pp. 56 and 57) has determined, 
from the calculations of the MM. Weber, the coellicieiit of resistance for three velocities, as 
follows : — 


Miles per Hour. 
1-818 


Co-cflrtcfent of 
iie»istuiice. 


4*353 ...... iVtv 

10*577 7 . 

Interpolating between these numbers w-e can obtain the coefficients at other velocities. Tlie 
following table shows the coefficients, the distance in miles that would cH][ual 300 foot-tons 
for a man of 160 lbs, and the time in hours and minutes that would be re<iuired without rest : — 


Velocity in Miles 
pci* Hour. 


3 

4 

5 

6 

7 

8 
9 

10 


C»>-efTltient of 
Kesistuneo. 

voVt 

TTiF-TSV 

Tii-nr 

roV^ 

T-Vff 


Distance for Men of 

Time required 

160 It), t o equal 

Hours and Minu 

800 foot-tons. 

11. 

M. 

21*2 

10 

36 

16*3 

5 

24 

13*3 

3 

18 

11*2 

2 

36 

9*6 

1 

36 

8*5 

1 

12 

; 7*6 

0 

57 

6*9 

0 

46 

6*3 

0 

38 


The coefficient corresponds very nearly to 3*1 miles an hour, and this apj^ars to be the 
rate at which the greatest amount of work can be done at the least expenditure of energy. 
(See Table XVIll., p.l86. Lectures on State Medicine, by F. de Cliaumont.) As regards velocity. 
Dr Haughton states the Law of Fati^e*” as follows : — “ When the same muscle (or group of 
muscles) is kept in constant action till fatigue sets in, the total work done, multiplied bv 
the rate of work, is constant.” The “Law of Refreshment ” depends on the rate at which 
arterial blood is supplied to the muscles, and the “ Coefficient of Refreshment ” is the work 
restoi’ed to tJie muscles in foot-pounds ^r ounce of muscle per secoud ; for voluntpy muscle 
it is on on average 0*1309, and for the heart 0*2377, or exactly equal to the work of the heuit, 
which never tires. [F. de C.] 

Tmining, by A. Maclareu, p. 168. 
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work, blit it is very severe for the time, as its effect is great on the circulatory 
system. 

Looking at all these results, and considering that the most healthy life is 
that of a man engaged in manual labour in the free air, and that the daily 
work will probably average from 250 to 350 tons lifted 1 foot, we can perhaps 
say, as an approximation, that every healthy man ought, if possible, to take 
a daily amount of exercise in some W'ay, which sliall not be less than 150 tons 
lifted 1 foot. Tliis amount is equivalent to a walk of about 9 miles ; but 
then, as there is much exertion taken in .ordinary business of life, tliis amount 
may bo in many cases reduced. It is not possible to lay down rules to meet 
all casi^s ; Tint probably every man with the above facts before him could fix 
the amount iu*cessary for himself with tolerable accuracy. 

In the case of tlie soldier, if he were allowed to inarch easily, and if the 
weights wen? not op])ressively arranged, he ought to do easily 12 miles daily 
for a long time., jirovided he was allowed a periodical rest. But he could not 
for many dfiys, without great fatigue, march 20 miles a day with a 60 fl) load, 
unless he were in good condition and well fed. If a greater amount still is 
demanded from him, lie must have long snbscipient rest. But all the? long • 
inarches by our own or other annics have been made without weights, excejit 
arms and a portion of ammunition. Then great distances luivc been traversed 
by men in good training and condition. 

SECTIOJi-IIL 

TRAINING. 

The aim of the Trainer is to increase breathing })ower ; to mak(i the 
muscular action more vigorous and enduring, and to lessen the amount of fat. 
lie aiTives at his rcjsult by a very careful diet, containing little or no alcohol ; 
by regular and systciiiiatic exercise ; and by increasing the action of the 
eliminating organs, especially of the skin. 

What the “ Trainer ” thus accomplishes is in essence the following : a con- 
conlant action is established between the heart and blood-vessels, so that the 
strong action of the heart during exercise is met by a more perfect dilatation 
of the vessels, and there is no blockage of the flow of hlooii ; in the lungs, the 
blood not only passes more freely, but the amount of oxygen is increased, and 
the gradual iniproviuncnt in breathing power is well seen when horses are 
watched during training. Tliis reciprocal action of heart and blood-vessels is 
the most important point in training ; the nutrition of nerves and muscular 
fibres improves from the constant action, and the abundant siqiply of food ; 
the tiasue clianges are more active, and climmation, esj^iccially of carbon, in- 
crejises. A liJgber condition of health ensues, and if not carried to excess, 
training ” is simply another word for healthy and vigorous living.* 

* Of course, over-traiuing may be hurtful, but anything can be earned too far. I can only 
refer to Dr Moigan’s highly interesting and well-worked out treatise on University Oars, to 
sliow that rowing is beneficial. Dr Lee lias published a useful little book, Exercise and 
Training, by K. Leo, M.D,, with some good advice on training. 
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CLOTHING. 


"riiE objects of clothing are to protect against cold and against wamitli ; all 
other uses will he found to resolve tlieioselves into one or otlior of these. 

I'he subject naturally dividers itself into two parts — Uf, The materials of 
clothing ; and 2(1, The make of the garments, which will be considered in 
Jlook If., and only as far as the soldier is concerned. 

Materials op Clothing. 

The following only will ha described : — Cotton, linen, jute, \vool, leather, 
and india-rubber. 

Chernicdl Enaction , — These materials are all easily distinguished by micro- 
scoj)i(jal characters, but certain chemical reactions may be useful. Wool and 
silk dissolve} in boiling liquor potassieor hcpior sodte of sp. gi*. 1040 to 1050 ; 
cotton and linen are not iittacked. Wool is little filtered by lying in sulphuric 
acid, bqjb cotton and linen cliange in half an hour into a gelatinous mass, 
whicli is colourcid blue by iodijie. Silk is slowly dissolved. Wool and silk 
take a yellow colour in strong nitric acid ; cotton aiul linen do not. So also 
wool and silk a]‘e tinged yellow liy picric acid ; cotton and linen are not, or the 
colour is slight, and can bo washed olK Silk, again, is dissolved by hot con- 
centrated chloride of zinc, which will not toiicli wool. In a mixed fabric of 
silk, wool, find cotton, fii’st boil in strong chloride of zinc, and wash ; this 
gets rid of tlio silk ] then boil in licpior sodna, which dissolves the wool, and 
tile cotton is left behind. Another reagent is recommended by ScUesiuger, 
viz., a solution of copper in amiuonia ; this rajxidly dissolves silk and cotton, 
and, after a longer time, linen; wool is only somewhat swollen by it. By 
drying thoroughly first, and f if ter each of the above steps, the weight of the 
respective materials can be obtained.* 

Cotton — Microscopic Charactey^s ,' — A iliapbanous substance foiming fibres 
about diameter, flattened in sliapo, ami riband-like, with 

an interior canal which is often obliterated, or may contain some extractive 
matters, borders a little thickened, the fibres twLsted at iiitervfils (about 600 
times in an inch). It has been stated that the fresh cotton libro is a 

* If other fahrics than those mentioned in the tex^ have to be examined, the best book to 
consult is Dr Sclilesinger’s Mikroscopischo Untersuch. der Oespinnst-Fasern (Zurich, 1873), 
wliere plates will be found of raanj’- of the fibres of commerce. The following are tlie chief 
reagents used by Schlesinger : — strong and weak suJplmric acid, to dissolve or swell out 
the fibres, an<l also, with iodine, to test for cellulose. 2d, Nitric acid, esixecially to show the 
markings. Chromic acid, ns the best solvent for the intercellular substance, and for the 
swelling out in solution of tlie cellulose ; it is often used with sulphuric acid. Dilute 

tincture of iodine, which is added to cellulose, and then sulphuric acicl is used. 6ih, Solution of 
copper, made by disolvin^ metallic copper in ammonia ; this dissolves cell-membrane, 6th, 
Sulphate of aniline, which colours lignite yellow, 7th, Liquor potassa? (dilute), to render 
the fabrics transparent. He advises the fabric to be put on a slip of glass, and then a drop 
of water to be jdaced on it ; then a needle should be drawn two or three times in the direction 
of the fibres, which will be easily detached. Then the fibre is laid on a glass and the reagent 
is applied. 
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cylindrical hair with thin walls, which collapses and twists as it he(^om(is dry. 
Iodine stains them brown; iodine and sulphuric acid (in veiy small 
quantities) give a blue or violet blue ; nitric acid does not destroy them, but 
unrolls the twists. 

As an Article of Dress , — The fibre of cotton is exceedingly hairi, it wears 
well, does not shrink in washing, is very non-absorbent of water (either into 
its substance, or between the fibres), and conducts heat rather less rapidly 
than linen, but much more rapidly than wooL* 

The aiivantagcs of cotton are cheapness and durability ; its hard non- 
absorbent fibre places it far below wool as a warm water-absorbing clothing. 
In the choice of cotton fabrics there is not much to bo said ; smoothness, 
evenness of texture, and equality of spinning, are the chief points. 



* Late exi^eviments have been made on the conducting power of materials by Coulier (Pro- 
fessor of Chemistry at the Val de Gnice), and by Dr Ilamniond (late Surgeon-General, United 
States Army). In both cases a polished metallic vessel was filled with hot W'ater of a known 
temperature, a delicate thermometer inserted, and the vessel was hung in an empty room ; the 
time required for cooling to a given point, when the vessel was uncovered and covered by 
different fabrics, was noted by the observer at a distance with a magnifying glass. 

(JouUer^a Exj^eriTtients, Hammonds Experiments. 

Time required for cooling from 122° Fahr. Time required for cooling from 150° Fahr. 
to 104° Fahr. to 140° F^r, 

Min. Sec. • Min. See. 


Vessel uncovered. , . .18 12 Vessel uncovered, . . .16 11 


99 

covered with cotton shirting, 11 

80 

99 

99 

,, linings, 11 

hemp lining, 11 

16 

99 

99 

26 

99 

99 

blue woollen cloth 




for uniforms, 14 

45 

99 

99 

red do., for uni- 




forms, , 14 

60 

|» 

99 

blue do., for great- 


•» 


coats, . . 16 

5 


covered with cotton shirting, 9 42 

linen shirting, 7 24 

,, white flannel, 12 36 

dark blue wool- 
len cloth, . 14 6 

,, light blue wool- 
len cloth, . 13 60 
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In cotton shilling and calico, cotton is alone used ; in merino and other 
fabrics it is used with wool, in the proportion of 20 to 50 per cent, of wool, 
the threads being twisted together to form the yarn. 

Linen — MicroHcopic Oharaders . — The fibres are finer than those of cotton, 
diaphanoiLS, cylindrical, and presenting little swellings at tolerably regular 
intervals. The elementary fibres (of which the main fibre is composed) can 



Fig. 101.— Silk X 285. Scale on page 424. 

be often seen in these swellings, and also at the end of broken thrciads wliicb 
have been much used. The hemp fibre is something like this, but much 
coarser, and at the knots it separates often into a number of smaller fibres. 
Silk is a little like linen, but liner, and with much fewer laiots. 
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better than cotton. It is a little smoother than cotton. As an article of 
clothing it may be classed with it. In choosing linen regard is had to the 
evenness of the threads, and to the fineness and closeness of the texture. The 
colour should be white, and the surface glossy. Starch is often used to give 
glossiness. This is detected by iodine, and removed by the first wasliing. 

Jufe , — As jute is now being very largely used, it is possible it may be 
employed as a falsification of linen or cotton. Jute is obtained from the 
Corchorus capb^nlari^ and comes to England from Eussia and India. The 
fibres are of considerable length, are hollow, tliickeiied, and "with narrowings 
and constrictions in the tubular portions ; sometimes an air-bubble may be in 
the fibre, as sliown in the drawing. The dmwing, which, as well as the above 
<lcscription, J owe to Dr Maddox, shows the difibi-enccs between the jute and 
cotton or linen. 

Wool — Microseoiyin CJuimdej's, — Etniiul fi])res, transparent or a little hazy, 
colourless. The fibre is made up of a number of little cornets, which have 
become united. There are ver}’’ evident slightly oblique cross markings, 
which indicate the bases of the cornets ; and at these j^oints the fibre is very 
slightly larger. There are also fine longitudinal markings. There is a 
canal, but it is often obliterated. When old and worn, the fibre breaks up 
into fibrillae ; and, at the same time, the slight promimsnee at the cross mark- 
ings disappear, and even the markings become indistinct. By these 
characters old wo(d can be reccjgnised. Hize of fibres vajics, Init an average 
is given by the figure. The finest wools have the smallest fibres. 

an Artide of Clothing. — Wool is a bad 
conductor of heat and a gi*eat absorber of 
■water. The water penetrates intotthe fibres 
themselves and distends them (hygi'oscopic 
water), and also lies between tliem (water of ^ 
inter])osition). In these respects it is greatly 
superior to either cotton or linen, its jjower 
of hygroscojnc absorption being at least 
double ill jiro^wition to its weight, and 
quadruple in })roportioii to its surface. 

This 2 )roperty of hygi*oscopically absorbing 
water is a most important one. During per- 
spiration the evaporation from the surface of 
the body is neceasary to mdiice the heat which 
is genenxt(jd by the exercise. When the ex- 
ercise is finished, the evaporation stiU goes on, 
and, as aheady noticed, to such an extent as 
to chill the frame. When dry woollen clothing 
is put on after exertion, the vapour from the 
surface of the body is condensed in the wool, 
and gives out again the large amount of heat 
which had become latent when the water was 
vaporised. Therefore a woollen covering, from 
this cause alone, at once feeds warm when used 
during sweating. In the case of cotton and 
Fi|. 103.— Wool X 285. linen the perspiration passes through them, 

Scale, and evaporates from the external surface 

without condensation ; the loss of heat then continues. These facts make it 
plain why dry woollen clothes are so useful after exertion.* 

♦ Pettenkofer giveg (Zt. flir Biol, band i. p. 185) some experiments showing tlie hygroscopic 
^wer of wool as compared with linen. He shows that linen not only absorbs much Jess water. 




MATEllIALS OF CLOTHING. 


427 


In addition to this, the texture of wool is warmer, from its had conducting 
power, and it is less easily penetmted by cold winds. The disadvantugo of 
wool is the way in which its soft fibre shrinks in washing, and after a tinie 
the fibre becomes smaller, harder, and probably less absorbent.* 

In the choice of woollen underclothing the touch is a great guide. There 
should be smoothness and great softness of texture ; to the eye the textui*e 
should bo close ; the hairs standing out from the surface of equal length, not 
long and straggling. The heavier the substance is, in a given built, the 
better. In tlic case of blankets, the softness, thickness, and closeness of the 
pile, the closeness of the texture, and the weight of the blanket, are the best 
guides. 

In woollen cloth the rules are the same. When held against the light, the 
cloth should be of unifoim texture, without holes; when foliled ami sudd (inly 
stretched, it should give a clear ringing note ; it should be very resist ent 
when stretched with violence ; the “ tearing power ” is the best way of judging 
if “ shoddy ” (old used and worked-uj) wool and cloth) has been mixed with 
fresh wool. A certain weight must be home hy every piece of cloth. At the 
Ciovernment Clothing Establishment at Pimlico, a machine is used which 
marks the exact weight necessary to tear across a piece of clotli. Sclilesinger 
rec(unmends the following 2)lan for the examination of a liiixed fabric con- 
taining shoddy : — Examine it with the microscope, and recognise if it con- 
tains cotton, or silk or linen, besides wool. If so, dissolve them hy aniiiionia- 
cal solution of cojqix^r. In this way a qualitative examination is first made. 
Then fix attention on the wool In shoddy both coloured and cohmrleSvS wool- 
fibres are often seen, as the fibres have been derived from dijrei*ent cloths 
wliich h?tve l)( 3 en ])artifilly bleached ; the colouring matter, if it remains, is 
different — indigo, 2uiri)nrin, or madder. ITio diameter of the wool is never 
so regular as in fresh wool, and it changes suddenly or gradually in dimneter, 
and suddenly widens again with a little swelling, and then thins off again ; 
tlie cross marking or scales are also almost ohlitemted. When Ihiuor 2iotasste 
is ap2)lied the shoddy wool is attacked much more quickly tlian fnssh 
wool 

The dye also must he good, ami of the kind named in tlio contract, and tests 
must be a2q)lied. 

Leaiher, — Clioice of leather ; it should bo well tanned, and without any 
marks of corrosion, or attacks of insects. The thinner kind should be 
2>erfectly siqqde. 

T^^atlier is not only used for shoes, leggings, and accoutrements ; it is em- 
ployed occasionally for coats and trousers. It is an extremely waiin clothing, 
as no wind blows through it, and is therefore well ada2)ted for cold, windy 
climates. Leather or sbee2^skin coats are very common in Turkey, Tartary, 
Persia, the Danubian Provinces, and everywhere where the cold north winds 

hut parts with it much more quickly ; thus, to cite one. experiment, equal surface of linen and 
lianuel being exposed to tlie air after being placed in ecljual conditions of absorption, the linen 
lost in 76 minutes 6*993 grammes, and the llanntd only 4*868 grammes of water. Siihseqiioiitly 
the evaporation from the linen lessened, as was to be expected, as it was becoming drier; 
that from the ilaniicl continued to pass off moderately. The much greater cooling elFect of 
linen is seen. 

The porosity of clothing, /./?., the rapidity through which air is driven through, is a point to be 
noted. By an equal pressure equivalent to a column of water 4*6 centimetres high, an area 
of 1 centimetre diameter forced air through as follows ; — Through linen, 6*03 litres ; llannel, 
10*41; lambskin, 6*07; glove-leather, *16: wash-leather, 6 37; silk fabric, 4*14. 

It thus appears that the warmest clothing (ilaunel) may be the most porous ; mere porosity 
in fact, is only one element in the consideration. 

* In washing woollen articles, they should never be Tuhbed or wi'ung. They should be 
placed in a hot solution of soap, moved about, and then plunged into cold water, when the 
soap is got rid of they should he hung up to dry without wringing. 
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are felt. In Canada, coats of slicepskin or bufFalo-liide have been found very 
useful, and are commonly used by sentries. 

Waterproof Cothing. — Like leather articles, the india-rubber is an exceed- 
ingly hot dress, oudiig to the same causes, viz., impermeability to wind, and 
condensation and retention of perspimtion. It is objected to by many on 
these grounds, and {js}>ecially the latter ; and L^vy informs us that the Council of 
Health of the French Army have persistently refused (and, in his opinion, very 
properly) the introduction of waterproof garments into the army. If, how- 
ever, woollen iinderthings are worn, the persi)iration is sulficiently absorbed by 
those during tlie comparatively short time waterproof clothing is worn, and 
the objectiim is i)roi)orly not valid, unless the waterproof is continually worn. 

Tlie great use of waterj^roof is, of course, its protection against rain, and in 
this r(‘spect it is invaluable to the soldier, and should 1)6 largely used. J3y 
the si<l(3 of tliis great use, all its defects appear to me to bo. minor evils. 

India-rubber cloth loses in part its distensibility in very cold countries, and 
becomes too disteiisible in the tropics. Pamflined cloth is equally good, and 
the paraffin does not rot the fibre like common oil. 

General Condumom. 

Proteciion against Cold. — For equal thicknesses, wool is much superior to 
eitliijr cotton or linen, and sliould be worn for all under(5lothing. In casti of 
extreme cold, besides wool, leather, or waterj)roof clothing is useful. Cotton 
and linen are nearly equal. 

Protection against Heat. — Texture has nothing to do with protection from 
the direct solar rays ; this depends entirely on colour. White is the })est 
colour ; tlien grey, yellow, pink, blue, black. In hot countries, therefore, 
white or light-grey clotliing should be chosen. 

In the shade, the effect of colour is not marked. The thickness, and the 
conducting pow(3r of the material, are the conditions (especially the former) 
which influence heat. 

Protection agaimt Cold Winds. — For eq\ial thicknesses, leather and india- 
rubber tiike the first rank ; wool the second ; cotton and linen about e(iual. 

Absorption of Perspiration. — Wool lias more tluin double the power of 
cotton and linen. 

Absorption of Odours. — This partly depends on colour ; and Stark’s obser- 
vations show that the power of absorption is in this order — black, blue, red, 
green, yellow, white. As far as texture is concerned, thi3 absorption is in pro- 
j)ortion to the liygroscopic absorption, and wool therefore absorbs more than 
cotton or linen. 

Protedion agaimt Malaria. — It has been supposed that wearing flannel 
next the skin lessens the risk of malaria. As it is generally supposed that the 
poison of malaria enters either by the lungs or stomach, it is diflicult to see 
how protection to the skin can prevent its action j except indirectly, by pre- 
venting chill in persons who liave already suffered from ague. But the very 
great authority of Andrew Combe, drawn from experience at Borne, is in 
favour of its having some influence ; and it has beem used on the west coast 
of Africa for this juirpose, with apparently good results. 
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CLIMATE. 

Tt is not easy to giv(i a proper definition of climate. Tlie effect of climate on 
the liunian body is the sum of the influences whi(jh are connected either with 
the solar agcmcies, the soil, the air, or the water of a place, and as tliese 
influences arti in the highest degree complex, it is not at present possible to 
iracio out their ellects with any certainty. 

With regard generally to the effect of climate on human life, it would seem 
certain that the facility of obtaining food (which is itself influenced by climate), 
nithor than any of the immediate ellects of climate, regulates the location of 
]uen and the amount of jiopulation. The human fuune seems to acquire in 
lime a wonderful power of adaptation ; the ilsquimaux, wlien they can obtain 
plenty of food, are large strong men (though nothing is known of their average 
lengtii of life), and the dwellers in the hottest parts of tlie world (j)rovide(l 
thcu'c is no nialariji, and that their food is nutritious) show a stature as lofty, 
and a strength as great, as any dwellers in temperate climates. Peculiiiiities 
of race, yideed, arising no one knows how, but probably from the combined 
influmices of climate, food, and customs, acting througli many ag(3s, a])peur 
to have more effect on stature, health, and duration of life, than climate alone. 
Still, it would seem probable that, in climatic conditions so divei’se, there 
arise some special diflereiices of structure which are most marked in the skin, 
but may possibly involve otlier organs. 

How soon the body, when it has become accustomed hy length of residence 
for successive generations to one climate, can accommodate itself to, or bear 
the conditions of, the climate of another widely different place, is a quiistion 
which can only ho answered when the influences of climate are hettiii* known. 
The hypothesis of “ acclimatisation” implies that there is at first an injurious 
eflect jiroduced, and then au accommodation of the body to the new conditions 
within a veay limited time ; that, for example, the dweller in northern zones 
passing into the tropics, although he at first suffers, acquires in a few years 
some special constitution which relieves him from the injurious (jonscjqueuces 
which, it is supposed, the change at fii*st brought with it. There are, therefore, 
two assumptions, viz., of au injurious effect, and of a relief from it. Are 
either correct 1 

It may seem a bold thing to question the commonly received opinion, that 
a tropicfd climate is injurious to a northern ebnstitutiou, but there aui some 
striking facts which it is difficult to reconcile with such an opinion. The army 
experience shows tliat, both in the West Indies and in India, the morbility of 
the soldier has been gradually decreasing, until, in some stations in the West 
Indies (as, for example, Trinidad and Barbadoes), the sickness and 
morhility among the European soldiers are actually less than on home service 
in years which have no yellow fever. In India, a century ago, people spoke 
with horror of the terrible climate of Bombay and Calcutta, and yet l^uropeans 
now live in health and comfort in both cities. In Algeria the French expeiienwi 
is to the same effect. As the climate and the stations are the same, and the 
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soldiers are of the same race and lml3its, what has removed the dangers which 
formerly made the sickness threefold and the mortality tenfold the ratio of the 
sickness and deaths at home ? 

The exx^lanation is very simple; the deaths in the West Indies were ])artly 
owing to the virulence of yellow fever (which was fostered, though probably 
not cngeiulered by bad sanitary conditions), and the general excess of other 
f(?bi’il(? and dysenteric cases. The simple hygienic precautions which are 
efficacious in England have been as useful in the West Indies. Proper food, 
good water, i)ure air, have bijen supplied, and, in proportion as they have 
been so, tlio deadly elFects attributed to climate have disappeared. The effect 
of a tropical climate is, so to speak, relative. 'J'hc temperature and the 
humidity of the air are highly favourable to decompositions of all kinds ; the 
effiuvia from an impure soil, and the putrescent changes going on in it, are 
greatly aggravated by heat. The effects of the sanitary evils which, in a cold 
climate like Canada, are neutralised hy the cold, are developed in the 

AVest Indies, or in tropical India, to the greatast degree. In this way a 
tro]>ical (dimate is evidently most powerful, and it renders all sanitary i)recau- 
tions tenfold more necessary tliaii in the tempemte zone. But all this is not 
the effect of climate, but of something added to climate. 

Take away these, sanitary defects, and avoid malarious soils or drain them, 
an<l let the mode of living he a proper one, and tlie Europ(?aii soldier does not 
die faster in the tro])ics than at home.* 

It must bo said, bowever, tliat an element of uncertai nty may be pointed 
out he.re. In our troxjical possessions the European soldier serves now only 
for sliort x)erio(ls (in th(i 'West Indies for thnui or four years, in India only 
for twtdve years, and under the new regulations of short service ho may only 
he six years, or less), and during this time he may he for some yearn on the 
hills, or at any rate* in elevated spots. The old statistical reports of the aritiy 
pointed out that the mortality in the West Indies augmented regidarly wdfcli 
jjrolongfition of service, and it may be said thjit, after fill, the lessened sick- 
nfiss anti mortality in the tj*oj)ics is owing, in some degree, to avoiilance by 
sliort service of the influence of climate. But as the wliole long service was 
constantly i)assed uudtir the unfavourable sanitary conditions now removed, 
it does not follow that the inference to ho drawn from the statistical evidencti 
as to length of service is really correct. 

Pacts prove, then, that under favourable sanitary conditions (general and 
Xiensonal), Eurox)eans, during short services, may he ius healthy as at homo, as 
far as shown hy tables of sickness and mortality,! and it is not certain that 
long service brings with it different results. 

It may, however, he urged that, admitting that a non-malarious tropical 
climate jyrr sc, may not increase sickness or mortality during the most vigorous 
years of life (and it is then only that Euroiieans are usually subjected to it), 
it may yet really diminish health, lessen the vigour of the body, and diminish 
the expectation of life. 

We have no evidence on the latter point. | With rcispect to the fomer, it 
will be well to see what is known of the effects of climatic agencies on the 
fr ime. 

The influences of locality and climate, as far as they are connected with 

* The production of liver disease in such an amount in India, will be considered by some to 
be a pure effect of climate. But on this point the evidence seems to mo to point most strongly 
in another ilirection (see chapter on the Prevention of Disease). 

+ For the statistical proofs, see the chapters on the West Indies and India. 

} TJie tables of the Indian Sanitary Commission, as applying to men wlio had been under 
the unfavourable sanitary conditions which prevailed more or less in India till within the last 
few years, can hardly be used with safety to settle this point. 
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soil and water, have been sufficiently discussed. I shall merely briefly review 
the climatic conditions most closely (though by no means solely) connected 
with air. Tliey are — temperature, humidity, movement, weight, composition, 
and electrical condition. The amount of light is another climatic condition 
of importance. 

SECTION L 
TEMPERATURE.* 

The amount of the sun’s rays; the mean temperature of the air; tho 
variations in temperature, both periodic and non-periodic ; and the length of 
time a high or low tempcratui^ hists, are tho most important i)oints. 
Temperature alone has been made a ground of chissilication. 

(a) Equable, limited, or insular climates ; Le,, with slight yearly and 
diunical variations. 

(b) Extremci, excessive, or continental ; *./?., with great variations. 

The terms limited and extreme miglit be ap])lied to the amplitude of the 
yearly fluctuation (/.e., difference between hottest and coldest month, see 
Meteorolgoy), while equable and excessive might be a])jdied e.s])ecially to 
tho non-periodic variations, which are slight in some places, and extreme in 
others. 

A limited climate is generally an C(|ual)le one, and an extreme climate 
(with great yearly fluctuati(m) is generally an excessive one (with, great 
undulations). 

The effecits of heat cannot he dissociated from the other conditions ; it is 
neca^ssary^ however, to briefly notice them. 

Th(^ effect of a certain degi’ee of tenqicratiire on th(j vital processes of a race 
dwelling generation after gmieration on the same spot, is a question which has 
as yet received no sort of answer. Does tho amount of heat jier se, in- 
dependent of food and all other conditions, affect tluj develo])mDiit of 
meclianical force and t(mq)erature, and the coincident various pro(?essc)S of 
formation and destruction of the tissues '? Is thei*e a diffenuice in these 
respects, and in the rcisidtiiig acitioii of the eliminating organs, in the inhabi- 
tants of the ecpiator and of 50“ or 60“ N. lat. ? This is entirely a ])rohlem for 
the future, hut there is no class of men who have more opportunities of 
studying it than the army surgeons. 

Tlie problem of the influence of temperature is generally presented to us 
under the form of a dweller in a temperate zone proceeding to coiiiitrias cither 
cold(ir or hotter than his owil It is in this restricted sense I shall now con- 
sider it. 

Witli regard to the effect on the Anglo-Saxon and C(dtic racjos of going to 
live in a climate mth a lower mean temperature and greater variations than 
their own, wo have the experience of Canada, Nova Scotia, and some parts of 
the Northern Ameiiciin States. In all these, if food is good and plentiful, 
health is not only sustiined, hut is perhajis iihproved. Tlie agricultural and 
out-door life of Canada or Nova Scotia is probably tho causti of tliis ; but 
certain it is that in those countries the European not only enjoys health, hut 
produces a progeny Jis vigorous, if not more so, than that of the j^arent race. 

Tho effects of heat exceeding the temperate standard must be distinguished 
according to origin ; radiant heat or tho direct rays of tlie sun, and non- 
radiant heat, or that of the atmosphere. In the latter cfise, in addition to 
heat there is more or less rarefaction of the air, and also coincident conditions 

For some elementary facts on temperature, see Meteorology. 
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of humidity and movement of the air, which must be taken into account. 
The influence, again, of sudden transitions from heat to cold, or the reverse, 
liiis to be considered. The Europeans from temperate climates flourish, 
apparently, in countries not much hotter than their own, as in some parts of 
Australia, New Zealand, and New Caledonii:^ though it is yet too soon to 
speculate whetlier tlie vigour of the race will improve or otherwise. But 
there is a general impression that they do not flourish in countries much 
hotter, Le.^ witli a yearly moan of 20"* Fahr. higher, as in many parts of 
India; that the race dwindles, and finally dies out ; and therefore that no 
acclimatisation of race occurs. And certainly it would appear that, in India, 
thei'e is sonic evidence to show that the pure race, if not intermixed with the 
native, does not reach beyond the third generation. Yet it seems only right 
to say that so many circumstances besides heat and the other elements of climate 
have been acting on the English race in India, that any conclusion opposed to 
acclimatisation must bo considered as based on scanty evidence. We have 
not gauged on a large scale the effects of climate pure and simple, uncom- 
])licated with malaria, had diet, and other influences adverse to health and 
longevity.* 

Qj) Injhimm of tlm Diraei Rays of the Sim, — It is not yet known to 
•what temperature the direct rays of the tropical sun can raise any object on 
wliich they falL In India, on the ground, the uncjovered thermometer will 
mark 1G0°, and perhaps 212'' (Buist) ; and in this country, if the movement 
of air Ls stopped in a small space, the heat in the direct sun’s rays can be 
raised to the same point. In a hermetically sealed box, with a glass 
top, Sir II. James found tlie tliermometer mark 237° Eahr., when exposed 
to the rays of the sun, on the 14th July 1864. In experiments on 
frogs, when temperature much over the natural amount is applied to 
nerves, the electri(jal cuiTents through them are lessened, ajid at last stop.! 
I], 11. Weldor’s observations show that for men the same rule holds good ; 
tlie most fiivourahle temperature is 30° B (= 99° *5 Eahr.).{ It apj)cars also 
from Kiihue’s expeiimeuts that the heat of the blood of the vertebrata must 
notex(iecd 113° Eahr., for at tliat temperature the myosin begins to coagulate. 
(Ludwig, Lchrb. der Phys',, hand ii. p. 732. )§ Perhaps this fact may bo con- 
nected with the j>athological indication that a very high temperature in any 
disease (over 110° Eahr.) indicates the oxtremest danger. 

To what temperature is tlie skin of the head and neck raised in the tropics 
ill the sun’s rays'? No sulflcient exiicrimeuts have, I believe, been made, 
either on this point or on the heat in the interior of caps and hats with and 
witlniut ventilation. Doubtless, without ventilation, the heat above the head 
in the interior of the cap is very great Jt is quite iiossiblo, as usually 
fussumed, that with bad head dresses the heat of the skin, bones, and possibly 
even of the deep nerves and centres (the brain and cord), may he grefiter than 
is fK'cordant with iiert’ect pn'servation of the currents of the nerves, or of the 
necovsary temperature of tlie Wood, or with the* proper fluidity of some of the 
albuminous bodies in the muscles, or nerves. 

The difficulty of estimating the exact cflbct of the solar rays is not only 
caused by the ahsiuiee of a siilficieut number of experiments, hut by the com- 
mon presence of other conditions, such as a hot, rarefied, and perhaps impure 

* 'In riidiatlieniortalityof Eurasians (that is, the mixed race of British, Portuguese, Hindoo, 
Malay, blood mixed in ail degrees) api>ears to be lielow that of the most healthy European 
service, viz., the Civil Service. Mr Tait's facts (On the Mortality of Eurasians ; Statistical 
Journal, Septeml>er 1864) would show that this mixed race will maintain itself in India. 

-f- Eckhanl, Henle’s Zeitsch. band x. p. 165, 1851. 

Weber, Ludwig’s Phys., 2d ed. vol. i. p. 126. 

g For a collection of data, see Dr H. C. Wood, jun., Thermic Fever, 1872. p. 50. 
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air, and heat of the body produced by exercise, which is not attended by per- 
spiration. Two points are remarkable in the history of sunstroke, viz., the 
extreme rarity of sunstroke in mid ocean,* and at great elevations, f In both 
cases the eJTect of the sun's rays, per se, is not less, is even greater, than on 
land and at sea-level ; yet in both sunstroke is uncommon ; the temperature 
of the air, however, is never excessive in either case. 

The effect of the direct rays on the skin is another matter requiring investi- 
gation. Does it aid or check perspiration 1 That the skin gets dry there is 
no doubt, but this may be mendy from rapid evaporation. But if the nervous 
currents are interfered with, the vessels and the amount of secretion are sure 
to be affected, and on the whole it secuns probable that a physiological effect 
adverse to perspiration is produced by the direct rays of the sun. If so, and 
if this is carried to a certain point, the heat of the body must rise, and supix>s- 
ing the same conditions to continue (intense radiant heat and want of perspira- 
tion), may jiOvSs beyond the limit of the temperature of possible life (113** 
Fahr.)J 

The effect of intense radiant heat on the respiration and heart is another 
point of groat moment which needs investigation. 

The pathological elfect produced by the too intense direct nays of the sun is 
seen in one or two forms of insolation, and consists in paralysis of the heart 
or the respiration (see Prevention op Disease). 

A fonn of fever (tlie Camim of some wrikus, or thermic fever) has been 
sui)j;)osod to be caused by the direct raj^s of the sun combined with excessive 
exertion. I have seen a case of this kind which coimspcjiided closely to the 
descrijition in hooks. l*he fever lasted for several days, and its tyi)e was not 
in accordance with the hypothesis that it was malarious fever, or febricula, or 
typhoid. Ko tliennornetnc observations were made on the ])atient. 

(?>) Meat in Shade,— The effect of high air temperature on the native of a 
temperate climate i)a.ssing into tlui tropics lias nob been very well determined, 
and some of the conclusions arc drawn from experiments on animals expose :l 
to an artificial temj)erature. 

1. The temperature of the body does not rise greatly — not more than *5 or 
I*" Pahr. (John Davy) ; from V to 2^ and 3° (Eydaux and Brown ScSqiiard). 
in some experiments not yet published, Dr Boclier determined his own tem- 
])erature in a very careful way during a voyage round the Cape to India. He 
found the body-heat increased, and in the proportion of 0°*05 Pahr. for every 
increase of V Pahr. in the air, Kattray also found a decided increase, varying 
fi-oin O'* -2 Pahr. to 1°*2 Pahr. ; the greatest increase was in the afternoon. 
We may conclude that the tropical heat raises the temperature of the body of 
a new-comer, probably because the evaj)oration from the. skiu is not (aipahle of 
counterbalaiioiiig the great additional external heat, hut it is not yet known 
that in old residents the same fact holds good. The temperature of the body 
is the result of the oj^posing action of two factors — of development of 
heat froni the chemical changes of the footj, and by the conversion of 
mechanical energy into heat, or by direct absorption from without ; and, 2 
and opposed to this, of evaporation from the surface of the body, which 


* The cases of isolation in a narrow sea like the Red Sea do not invalidate this rule. 

+ TTiis may be due to the absence of radiation from the ground ; groimd radiation affects 
unprotected thermometers very markedly (F. de C). 

t In the Turkish bath it may sometimes be observed, that on entering the hottest chamber 
the skin, which had previously been acting freely, becomes dry, A feeling of oppression 
accompanies this, but relief is experience<l so soon as perspiration is re-established. This would 
seem to point more to an actual an-est of function tnan to a mere drying up of the secretion. 
Tlie same thing in a modified degi’ee may occur in a tropical climate, in which case the intensity 
of fever will depend upon the time that elapses before accommodation is reached. 
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regulates internal heat. So beautifully is tliis balance preserved, that the 
stability of the aninial temperature in all countries has always been a subjijct 
of marvel If anything, however, prevents this evaporation,, radiation aiicl 
the cooling effect of moving Avind cannot cool the body sufficiently in the 
tropics. Then, no doubt, the temtxjmture of the body rises, especially if in 
addition there is inTiscular exertion a)id i)roduction of heat from that cause. 
The extreme discomfort ahvays attending abnormal Inmt of body then com- 
mences. In experiments in ovens, Jllagden and Tordyce bore a temperatures 
of 260" Avifcli a small rise of temperature (2-i° ]<abr.), but the air Avas dry, and 
the heat of their ])odies Avas reduced by ])erspiratiou ; Avlum the air in ovens 
is very moist and e.va])oratiun is hindered, tlie teiiiperaturo of the body risers 
rapidly.* 

2. The respirations ai'e lessened in number (Viorordt, LiidAvig) in aniiuals 
subjected to lieat. According to Vierordt, less (iarbonic aciil and presumably 
less AvattiT are eliminated, llattrayf has proved by a great nuiuber of 
observations tliat tlie number of respirations is lessened in persons ])as.sing 
from a cold to a liot climate. The amount of diminution varies ; in somti 
oxi)eriments the fall Avas from 16*5 resjarations per minute in England, in 
Avinter, to 12*74 and 13*74 in the tropics. In another series of (ixpennuuils 
the fall Avas from 17*3 respirations per minute to 16*1 ; tlie breathing is also 
gentler, i.e,^ less dee2:). llattray luis also shoAvn that tluj sjuromctric measiive- 
meiit of the ex^nred air (‘Sdtal caj)acity of Hutchinson”) inert jasCwS in the 
trojiics and falls in tomjierate climates, the average variation being about 8*7 
per cent, of the total siuromotric measurement. | This will hold gooii at all 
ages, but is less at either (jxtremc of life, and is most marked in persons of 
largest frame and most full blooded. The explanation of this spirometric 
increase in tlie res])iratory action of the lungs, as couq:)ared Avith the lesseiu/d 
number of ins|nratioiis, is to be found, according to Eattray, in a lessoned 
proportion of blood and a largo jirojiortion of air in the lungs in the tro])ics, 
and this is borne out by a fact pr(*sently to be noted, of the lessened Aveight 
of the lungs in Europeans in the tropics. 

The effect of the lessened number of respirations is (in sjiite of tliA 
sjiirometric increase) to reduce the total r(‘.si)irMtory action considerably. 
Kattray has shoAvn that the average amount is in the teiii2)erate zone 

♦ It rises even 7^ to 8" Fahr. (Lu<lwig, Lehrl). der Phys., 2d edit b. il.p. 730.) Obenii<^! ‘a 
late olmcrvatioDS are eoiiiiniuitory (Der Hitzselila", Doim, 1867). 01)ernior eoiilinns the ]):itbo- 
logj^ j?eiierally received in this country. From an observation of four cases of sunstroke, and 
from tliirty-thrcft exi»erijneiit.s on animals exposed to artificial heat, lie traces all the ofTcc.i..s to 
the auj^mented temin.Tatnve of the body, which cannot cool by evaporation from the surfnoe 
and Imigs as usual, lie puts down as necessary conditions, a high external temperature, inter- 
nal conditions, as of marching, running, wdiich augment bodily heat, and the absence of water, 
lie doi!S not, liowever, deny that there may be also a direct alteration of the nervous tissue 
liy the heat. He noticed in two eases in men some amount of urea in the blood, but he did not 
find this in animals. He ilistinguishes two forms of sunstroke : asthenic, where the elevation of 
tlm ttunperatiire of tlie body brings on (*arly collapse ; and .sthenic, wliere the bodily temperatum 
attains a great heiglit, and then smldenly the attack comes on with more or less reaction. In tlie 
one (Mi.se there is a pale face and a copious sweating and cold skin (this is the heat a.s])hyxia of 
some authors) ; in the other there is the red face, the injected eyes, the sobbing, breathinL^ 
convulsions, delirium, Ac. Dr H. C. Wood, jun., of Philadelphia (Tlmrmic Fever or Sun- 
stroke, 1872), also holds that the ‘•'eflicieiit can.se of sunstroke is the excess of iompcr.itun?," 
and h<; adopts the view that the rigidity of the Imart depemis on coagulation <»f the luusclo- 
phisma, which occurs at 115" Fahr., a degree of heat almost attained in sunstroke : and he 
considers the cases of sudden cardiac death's in India jnay l>e owing to this coagulation of tlie 
cardiac myosin ; also tliat tin; nerve centres are as perniciously aflected hy temperature as tlu^ 
muscles ; that a mammal fiecomes comatose wdum the temperature of the brain rises to rmS', 
and dies at US'" Fahr. Death may occur rapidly, however, he thinks, from paralysis of the 
re.spi ratory centi’os. 

t Oil the effects of Change of Climate on the Human Economy, by A. Kattray, M.O., 
surgeon, K.N. — Proceedings of tlie Royal Society, Nos. 122-1*26, 139 (1869-72). 

J l'roceeding.s of the itoyal Society, No. 139, p. 2, 
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(teiu. = 54'' Fahr.), 239*91 cubic inches per minute, while in the tropics 
( = 82" Fahr.) ojily 195*69 cubic inches wore inspired, so that there is a 
dittbrence of 38*65 cubic feet in twenty-four hours, or 18*43 per cent, in 
favour of a tempemte climate. If 10 ounces of carbon are expired in the 
t(jiiij)erate zone, ojily 8*157 ounces would bo expired in the tropiiis. Is tliero 
then greater excretion of carbon from the skin, or, as used to bo supposed, 
from the liver ] 

Dr FmiicLs (llcngal Army) hna lately observed that the lungs are lighter 
after death in Europeans in Lidia than the liurop(;an staiidm’cL I made a 
similar observation many years ago, and recorded it in a work on choleni,* 
])ut liad not sutheient facts to enable me to be quite certain. If this state- 
ment be confirmed, it would show a diminished respiratory function, and 
would accord with Rattray's observations. 

3. The heart’s action has been usually stated to be quickened in the tiYqiics, 
but Eattray’s numerous observations show that this is incorrect ; the average 
pulse in the trollies was lower by 2| beats per minute than in the temperate) 
zone. In experiments on animals, moderate heat does not quicken the heart, 
but great beat does. 

4. The digestive powci's are somewhat lessened, there is less ajipotite, l(?ss 
desire for animal food, and more wish for cool fruit. The (jiiaiitity of bile 
secreted by tlie liver is not imjreased, if the stools are to be taken as a guide 
(Marshall, in 1819, elolin Davy, Morehead, author), tliougli Lawson believes 
tliat an excess of colouring matter passes out with the stools ; notJiing is 
known of the (iondition of tlio usual liver work. 

5. Tile skin acts niucli more than usual (an increase of 24 per cent, accord- 
ing to Ikifctray), and great locfd hypca-aunia and swtEing of the papilhe occur 
in iKnv comers, giving rise to the familiar eruption known as jirickly heat." 
In jirocess of time, if exposed to great heat, the skin suffers ajiparcntly in its 
stnieture, bec.oming of a slight yellowish colour from, probably, iiigmentary 
dii])osits in the deep layers of the cuticle. 

6. Tlie urine is lessened in (piantity. The urea is lessened, as shown by 
experi ments in hot seasons at home and during voyages (Dr Forbes AN^'atson 
and Dr llindier).! It is probable tliat this is simply from lessened hiod. 
The pigment has been supposed to be increased (Lawson), but this is doubt- 
ful. The chloride of sodium is lessened ; the amount of uric and phosplioric 
acids is uncertain. 

7. Tlie eflect on tlie nervous system is generally considercMl iis depressing 
and exhausting, /.c., there is less general vigour of iniiul and body. iJut it 
is undoubted that the greatest exertions both of mind and body have been 
m.'ide by Europeans in hot climates, Kobert Jackson tliouglit as much work 
could be got of men in hot Jis in temperate climates. It is prol^able that tlie 
dejn’cssing ell'ects of licat are most felt when it is combined witJi grcvit 
humidity of the atmosphere, so that evaporation from the skin, and consequent 
lessoning of bodily Jjeat, is partly or totally arrested. J 

* On Algi.le Cholera, hy E. A. l\yhe.s, M.D., p. 14 (1S47). 

+ M'liese experiments are not yet fully publishea ; they were inmle Uiirini; voya'jjes to P.nni^.iy 
aiul Cliina, aiul slmw that when tlie temperature roaelieil a ceHaiii point <7rc in Dr r’s 
experiineuts), the solids of the urine and the urea lessened considerably. — Vt'ocMdinja <>/ 
Royal tSocielyj 1862. 

X See Dr Kenneth Maekinnon’s Ti'eatise on Tuhlie fiealth, p. 27, on the effect of i)lenty of 
exercise even in tlie hot, and nioi.st, and presumed unhealthy climate of Tirlioot in I’fCg.il. 
He proves tliat men can l>e much in the open air, even in the hot parts of the day, with in>- 
X>uuity, and tluit when “ they lake exercise they are in the hiijhest statf; of health. ” Ts 
the eflect of great exercise beneliciat in inci-easing the action of the lungs and heart, and thus 
so far counteracting the eflect of climate ? Still Dr Mackinnon believes the climate is 
exhausting. 
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The most exhausting effects of heat are felt when the heat is continuous, 
i.e.^ very great, day and night, and especially on sandy plains where the air 
is highly rarefied day and night. There is then really lessened quantity of 
oxygen in a given cubic space.* Add to this fact that the respirations are 
lessened, and we have two factors at work whicli must diminish the ingress of 
oxygen, and thereby lessen one of the great agents of metamorpliosis. 

8. Kattray has made observationsf on the weight and height of forty-eight 
naval cadets, aged from 14| to 17 years, during four successive changes of 
climate during a voyage. The results show that in the troi)ic8 they increased 
in height more rapidly than in cold climates, but that they lost weight very 
considerably, and, in s})ite of their rapid growth, Kattray concludes that the 
heat impaircMl the strength, weight, and health of these lads. His figures seem 
conclusive on these points, and show the benelicial influence of cold on youths 
belonging to races long resident in temperate climates. 

On the ^yhole, (iven when sufficient 2 )erspiration keeps the body temj)eraturo 
within the limits of healtli, the effect of great heat in slaide seems to be, as 
far as we can judge, a deprcKSsing influence lesseiung the nervous activity, 
the great functions of digestion, respiration, sanguifi(iation, and directly or 
indirectly the formation and destruction of tissues. Whether this is the heat 
alone, or heat and lessoned oxygen, and groat humidity, is not cortfiiu. 

So had liave been the gemjral and personal liygienic conditions of Kuropoans 
in India, that it is impossible to say what amount of the great mortality in 
that country is due to excess of heat over the temi^eraiiire of Euro])e. Nor 
is it 2 ^ossil)le to detennine the influence of heat alone on the endemic diseases 
of Eui*op<?aus in tlie ti*opics — liver disease and dysentery. Tlnne is, perliaps, 
aft(5r all, little immediate connection between heat and liver discMiso. • 

Rapid Changcfi of TemporaUmt , — ^Tho exact jdiysiologicid offcjcts have not 
yet been traced out \ and those sudden vicissitudes are ofteji mot })y altered 
clothing, or other means of varying the temperature of the body. Tlui gi^eatesfc 
iiifluen(?e of rapid changes of temperature appears to occur wlu?n th(^ state of 
the body in some way coincides with or favours their action. Thus, the 
sudden chocking of the jJrofuse perspiration by a cold wind i)roducos catarrhs, 
inflammations, and neuralgia. I have been astonished, however, to find how 
well even phthisical ix3r8ons will bear great changes of temj)(‘rature, if they 
are not exi)osed to moving currents of air ; and tliero can be little doubt that 
the wonderful balance of the system is soon readjusted. 

* A cubic foot of dry air at 32^ weipfhs 566*850 grains, snd if the propoi-tion of iiitrogeii and 
oxygen be assumerl to bo by weight 67 and 23 per cent., -and the slight anioimt of carbonic acid 
be neglected, there will be in a cubic foot— 

436*475 grains'of nitrogen. 

130*375 ,, oxygen. 


566*850 

As a man draws, on an average, when tranquil, 16*6 cubic feet per hour into Lis lungs, he will 
thus receive 130*375 x 16*6 2164*2 grains of oxygen per hour. 

At a temperature of 80® the foot of air weighs 516*38 grains, and is made up by weight of— 

'397*61 grains’of nitrogen. 

1118*77 „ oxygen.. 


5] 6*38 

Therefore, in an hour if a man withdraws 16*6 cubic feet, he will receive 118*77 x 16*6 « 1971*6 
grains of oxygen per hour. Or, in other words, in an hour he would receive 192*6 grains of 
oxygen Ie8.s with the higher temperature, an amount equal to about 9 per cent, of the amount 
supplied at the lower temperiituro. 

It saturated with moisture, a cubic foot of air will contain 180 grains of oxygen at 32® and 
112 grains at 100®. 

+ Proceedings of the Royal Society, No. 139. 



humidity; 


437 


SECTION IT. 

HUMIDITY. 

According to their degree of humidity climates are divided into moist and 
dry. Professor Tyndall's ohservations have shown how greatly the humidity 
of tlie air influenties climate, by hindering the passage of lie^t from the earth. 
As far as the body is concerned, the chief effect of moist air is exerted on the 
evapc>ration from the skin and lungs, and therefore the degree of dryness or 
moisture of an atmosphere should bo expressed in terms of the relative (and 
not of tlie absolute) humidity, and should always be taken in connection with 
the temperature, movement, and density of tlie air, if this latter varies mucli 
from that of sea-lovol. The evaporating powtir of an atmosphere which con; 
tains 75 jier cent, of saturation is very different, atjcording as the temperature 
of the air is 40'* or 80**. As the temperature rises, the evaporative power in- 
ci’eases fast(;r tlian the rise in the thermometer. 

There is a general opinion tliat an atmosphere which permits fi*ee, ■without 
excessive, evaporation is the best ; but there are fcAV precise experiments. 

The most agreeable amount of humidity to most lieiilthy people is ■when the 
relative humidity is between 70 to 80 per cent. In chronic lung diseases, 
however, a very moist air is generally most agro(‘able, and allays couglu The 
evaporation from the lungs produced by a dry atmosphere ajjx^ears to initate 
them. 

The moist liot siroccos, which are almost saturated with water, are hdt as 
ox)j)ressive by man and beast ; iind this can hardly be from any other (jauso 
than the check to evaporation, and the conseixuent lise in the teni])erature of 
the hodyT 

It is not y(it known what rate of evaporation is the most Iwialthy. Excies 
sivo evaporation, such as may be produced by a dry sirocco, is well borne by 
some jiersons, but not by all Pix)bably, in some cases, the physiological 
factor of ])t}rsi)iration comes into play, and the nerves and vessels of tlie skin 
am altered ; and in this way jiersjiiration iscliecked. We can hardly account, 
in any othei’ way, for the fact, that in some jjersons, the dry sirocco, or dry 
hot land wind, produces liarshnass and dryness of the skin, and general 
malaise, which jiossibly (though there is yet no thermometric proof) may bo 
cjiused by a rise of temperature of the body. 

Erom the experiments of Lehmann on pigeons and rabbits, it appears that 
more carbonic acid is exhaled from the lungs in a very moLst than in a dry 
atmosphere. The jiathological effects of humidity are intimately conncicted 
with the temperature. Warmth and great humidity are borne, on the whole, 
more easily than cold and great humidity. in both cases, so wonderful 

is the power of adaptation of the body, that often no harm results. 

The spread of certain diseases is suxiposod to he intimately related to humidity 
of the air.. Malarious diseases, it is said, never attain their fullest ejiidemic 
ajiread unless the humidity approaclies satumtion. Plague and smallpox are 
both checked by a very dry atmosxihere. The cessation of bubo plagaie in 
Upper Egypt, after St Jolm's Day, has been considered to be more owing to 
the dryness than to the heat of the air. * 

In the dry Harmattan wind, on the west coast of Africa, smallpox caimot 
be inoculated ; and it is well known with what difficulty cowpox is kei)t up 
in very dry seasons in India. Yellow fever, on the other hand, seems inde- 
pendent of moisture, or will at any rate prevail in a dry air. The observations 
at Lisbon, which Lyons hiis recorded, show no i-okition to the dew-point. 

With regard to other diseases, and esi)ecially to diseases of sanguification 
and nutrition, observations are much needed.- 
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SECTIOIT III. 

MOVEMENT OF AIR. 

This is a very important climatic condition. Tlio effect on the body is 
twofold. A cold Avind abstracts heat, and in proportion to its velocity ; a hot 
wind canies away little heat by direct abstraction, but, if dry, increases 
evaporation, and in that way may in part counteract its own luxating power. 
Both, probably, act on the structure of the nerves of the skin, and on the 
contractility of the cutaneous vessels, and may thus inlluenco the rate of 
evaporation, and possibly affect also other organs. 

Tlio amount of the cooling effect of moving bodies of air is not eOvsy to 
determine, as it depends on three factors, viz., the velocity of movement, the 
temperature, and the humidity of tlie air. The effect of movement is very 
great. In a still atmospliero an exticmely warm temperature is borntj without 
diflieulty. In the Arctic expeditions still air many degreas below zero of 
Fahr. caused no discomfort. But any movement of such cold air at once 
chills the frame. It hn,s been asserted that some of the hot jind very dry 
deseiii winds will, in si)it(i of their warmth, chill tlm body ; and if so, it can 
scarcely be from any other reason than the enormous evaporation they caust^ 
from the skin. It is very desirable, however, that this obstirvatiou should bo 
repeated, with careful thermoinetrical observations on the body mid sui'face. 

SECTICm IV, 

WEIGHT OF THE AIR. 

I shall not bore enter into the question, whether the slight changes in the 
pressure of the atmosphere, which occui* at any one spot, have any effect on 
health, or any influence on disease. 

JEffects of Considerable Lessening of Pressure. 

When the differences of pressure between two places is consideralile, a 
marked effect is produced, and there seems no doubt that tlie influence of 
mountain localities is destined to bo of gn^at importance in therapeutics. It 
is of peculiar interest to the army surgeon, as so many regiments in the 
tropics are, or will be, quartered at consiilerable clev{itions. 

In ascending mountains there is mrefaction, ^.e., lessened pressure of air; 
on an avemge (if the weight of the air at sea-lev(jl is 14 ft on every stiiiare 
inch) an ascent of 900 feet takes off J ft ; hut this varies with hciiglit (sexi 
Measurement of Heights) ; there are also hjwercd tcimperature, and lessened 
moisture above 4000 feet, greater movement of thci air, increased amount of 
light, greater sun radiation, if clouds are absent. The air is freer from germs 
of infusoria. Owing to the rarefaction of the air and lessened watery vjipour, 
there is greater diathermancy of the air; the soil is rapidly heated, but 
radiates also fast, as the heat is not so much held back by vapour in tlie air, 
hencfj there is very great cooling of the ground and the air close to it at 
night. 

The physiological effects of lessened pressure begin to be perceptible at 
2800 or 3000 feet of altitude ( = descent of to 3 inches of mercury); 
they ore quickened pulse* (fifteen to twenty beats per minute) ; quickened 

BoZloon ctsceni*.— Biot and Gay-Lussac at 9,000 feet" increase of 18 to 30 beats of the pulse* 
Glaisher, . . at 17,000 „ « „ 10 to 24 „ 

„ . .. at 24,000 „ « „ 24 to 31, „ 
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respiration .(inoreaso — ton to fifteen respirations per minute), witli lessened 
spiroiiietric capacity,* increased evaporation from skin and lungs ; lessened 
urinary water, f At great heights there is increased pressure of the gases in 
the body against the containing parts ; swelling of superficial vessels, and 
occasionally bleeding from the nose or lungs. A sensation of weight is felt 
in the limbs from the lessened i^rcssuro on the joints. At altitudes under 
6000 or 7000 feet the effect of mountain air (which is, perhaps, not o'vving 
solely to lessened pressure, but also, possibly, to increased light and pleasur- 
able excitement of tlie senses) is to cause a very marked improvement in 
digestion, sanguification, and in luirvous and muscular vigour. { It' is inferred 
that tissue change is accelerated, but nothing definite is knoAvn. 

The rai)id evajioration at elevated positions is certainly a most important 
element of mountain hygiene. At Puebla (iiul at Mexico the hygrometer of 
Saussiire will often mark 37", which is equal to only 45 ixu’cont. of saturation 
(Jourdanet, “ T)u Mexiqiie,” p. 49), and yet the lower rooms of the houses 
arc very humid, so that, in the town of Mexico, there are really two climates, — 
one very moist, in the rez-de-cliauss6o of the houses ; one very dry, in the 
up])(^r rooms and the outside air. 

The diminution of oxygen, in a certain cnl>ic space, is procis(dy as the 
pressure, ami can be calcu]at(^-d for any height, if the baroinetm* is noted 
'laking-dry air only, a cubic foot of air at 30 inches, and at 32’ Pahr., contains 
130*4 grains of oxygen. An ascentt (about 5000 feet) which reduces tho 

108*6 grains. 

But it is supposed that tho increased number of respirations compensate, or 
more s(^ for this; and, in addition, it must ho remembewid that in experi- 
ments on animals, as Jong as the percentage of oxygen <Iid not sink below a 
(iertain point (14 per cent.), as much was ahsorljod into the blood as when tho 
oxygen was in normal prox)ortion. Jourdanet luis imieod asserted (“Du 
Mexi<iuo,^^ p. 76) that the usual notion that tho res[)irations are augmented in 
number in the inhabitants of high lands is ‘‘completely erroneous that tho 
respirations are in fact lessened, and that from time to time a deeper res]:)im- 
tion is voluntarily made as a jiartial comx)eiisation. But Coimlet, from 1500 
ol>servatit)ns on French and Mexicans, dot*,s not confirm this ; the mean 
number of resj)irations Wiis 19*36 j)©! minuto for the French, and 20*297 for 
the Mexicans. 

As a curative agent, mountain air (that is, tltc consecxiiences of lessened 
j)rcssuro chieliy) ranks very high in all aiur3mic allections from whatever (‘,auso 
(malaria, hiemorrhage, digestive feebleness, even lead and im^rcuiy pc'son- 
ing) ; and it would a|)i)ear, from Hermann WebeFa observations, tluit tlio 
oxistemce of viilvular lieart disease is, it [)i*ojjer rules are observed, no contra- 
indication against the lower elevations (2000 to 3000 ftu4). Xenralgi.a, gout, 
and rheumatism are all benefited by high Alpine positions (H. Weber). 
Scrofula and consnmi)tion liavo been long known to be rare among the 
dwcjllors oil high lands, and the curative eflect on these, diseases of such places 
is also marked; but it is possible that the open air life whicli is led has an 


/25x 130*4 \ 

barometer to 25 inches will lesson this ^-th, or ( = j 


Tlie boats seem to augment in number with the elevation. Tlieso are safer numbei's than tlioso 
obtained in mountain ascents, as there is no physical exertion. In inountuiu climbing the 
iiicretise is much greater 

* Rattray found an ascent of 2000 feet (at Ascension) lessened the “vital capacity,” aa 
judged of by the spirometer, from 266 to 249 and 243 cubic inches. 

+ Vivenot, Virchow’s 'Archiv, 1860, band xix. p. 492. This is probable, but not yet proved* 
Hermann Weber, Ciimate of the Swiss Alps, 1864, p. 17. 
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iniliionce, as it is nowkaown that groat elevation is not necessary for the cure 
of phthisis.* 

Dr Hermann Weber, in his important work on the Swiss Alps (p. 22), has 
given the present evidence, and has shown how in the time Alpine region — in 
l)anphin(5, in Peru and Mexico, and in Germany — phthisis is decidedly 
averted or prevented by higli altitudes. 

Although on the Alps phthisis is arrested in strangers, in many places the 
»Swiss women on tlie lower heights sullVir greatly from it ; the cause is a social 
one ; the women cm})loyed in making embroidtuy congregiite all day in small, 
ill-ventilated, low rooms, where tliey are often obligcHi to be in a constrained 
position ; their food is poor in quality. Scrofula is very common. The men 
who live an open air life are exempt ; therefore, in tlie very i)lace where 
strangers are getting well of plithisis the natives die from it — ^another instance 
tliat we must look to local conditions and social habits for the gi’C'.at cause of 
phthisis. It would even seem possible that, after all, it is not imleed elevation 
tind rarefaction of air, but simply phmty of fresh air and exercise, which are 
the great agents in the cure of j)hthisis. 

Jourdanet, who dilfers from so much that is commonly accej)ted on this 
point, gives ailditional evidence on the effect of elevation on phthisis. At 
Vera Cruz idithisis is common ; at Puehla and on the Mexican heights, it is 
almost absent (d pen pros nnlle). 

The diseases for wdiich mouiitain air is least usedul arc — rlieumatism, at 
lower elevations where the air is moist ; abovci this iheumatism is ijiipn)ved; 
and chronic inflammatory affections of the respiratoiy oigans (?). The 
“ mountain asthma ” appears, however, from Weber’s observations, to be no 
specific disease, but to be common pulmonary ompbysema followings chronic 
bronchitis. 

It seems likely that pneunioniti, pleimsy, and acute bronchitis, are more 
common in higher Al 2 )ine regions than lower dtnvn. 

Effects of increased Pressure, — The effects of increased pressurii have been 
noticed in i)ersons working in diving-bells, Arc., or in tliose submitted to 
treatment by compressed air. (At Lyons and at Koiclienhall f csi>ecially.) 
When the innssure is increased to from 1| to 2 atmospheres, the pulse 
htjcomes slower, though this varies in individu'il cases ; tlie mean lessening 
is 10 heats per minute ; the resi)iratioiis are slightly lessened (1 jier minute) ; 
evaporation from the skin and lungs is said to be lessened (1) ; tb()re is some 
racessioii of blood from the poriplieral parts ; there is a little ringing and 
sometimes pain in the cars ; hearing is more acutcj ; the urine is increasetl in 
quantity ; ai)j)ctite is increased ; it is sai<l men will work more vigorously. 
When the pressure is much greater (two or tlir(?e atmosxdieros) the effects are 
sometimes very marked ; great lowering of th(5 pulse, heaviness, headache, 
and sometimes, it is said, deafness. It is saidj that more oxygen is absorbed, 
and that the venous blood is as red as the arterial ; the skin also sometimes 
jicts more, an<l there may even be sweating. The main effect is to lessen tJio 
quantity of blood in the veins and aurich^s, jxnd to increase it in the arteries 
luid ventricles ; the filling of the ventricle during the relaxation takes place 

* Some time ago a remarkal>Ie paper was published hy Dr James Blake of California on the 
treatment of phtliisis (Pacifiu Medical Journal, 1860). He adopted the plan of making his 
patients Uve in tlie open air ; in the summer months he made them sleep out without any tent : 
the result was an astonishing improvement in digestion and sanguification ; the resistance to 
any ill eflects from cold and wet is described as marvellous. As Dr Blake is well known to bo 
perfectly trustworthy, these statements are worthy of all consideration. 

For an account of tlie effects noted at Keichenhall, see Dr Burdon Sanderson’s account in 
Tlie Practitioner, No. iv. 1868, p. 221. 

^ Foley. Dll Travail dans I’air conqirim^, Gaz. Hebdom, 1863, No. 32» 
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more slowly, llio diastolic interval is lengthened, and the pulse Ls therefore 
slower. 

When the workmen leave the compressed air they are said to suffer from 
luemorrhages and occasional nervous affections, which may he from certsbral 
or spinal ha 3 morrhago.* As a curative agent in phthisis, the evidence is uii- 
favoumhle. 

Some observations lately made by M. Bertt show that oxygen, when it 
eiitei*s the blood under pressure (such as that given by 17 atmospheres of 
atmospheric air, or 3^ atmospheres of pure oxygen), is toxic to birds, produ- 
cing convulsions. Convulsions are produced in dogs when the in'essiire is 
only 7 or 8 atmosphej*es, and wlien the oxygen amounts to only double, the 
normal amount, or, in other woi-ds, reaches 32 C.C. i)er 100 C.C. of blood. 
M. liert conjectures that the toxic influence of oxygen is on the nervous 
centres, like strychnine. The animal temperature feU 2 or 3 degrees (C.) 
during the convulsions, so tliat excess of oxygen did not cause increastid com- 
hustion. In the case of a dog kept under a pressure of 9^ atmospheres for 
souie time, gas was found in the ventral cavity and in the an^^olar tissue. In 
man the pressure of only 5 atmospheres appears to he dangei’ous. J 

Is Acclhnatisatioii possible ? 

The doctrine of acclimatisation has been much debated, hut probably we 
do not know sidliciontly the physiological conditions of the body umh.'r 
dilferent circumstances. In the case of Euroi)Cians living till puberty in a 
temperate region, n(*ar thb sea-lovcl, and in a moist climate like England, and. 
thou going to the tropics, the (luestion of acclimatisation would ho put in this 
form, — D^es the body accommodate itself to greater luiat, tol(?ssencd humility 
in some cases, or gr(3ater in others, and to varying altitudes ? 

• Ti l ere can he little doubt that the body does accoiniiiodate itsfilf within 
certain limits to greater lu^at, iis we have seon that the lungs act less, the skin 
more, and that tlie circulation lessens when Tiiiglishraen pass ijito the tropics. 
There is so far an accommodation or alteration imj)ressbd on the functions of 
the body by unwonted heat. And wc may believe that this eifect is 
2 )ermaiuint, i.e., that the lungs coiitiimo to act less, and the skin more, as long 
as the Europeans remain in the troj)ics. Doubtless, if the race wc;re 2 )er 2 )etu- 
ated in tlie tropics, succeeding generations would sho^v fixed alterations in 
those organs. 

"We nuiy conclude that the converse holds true, and that the cold of tem- 
perate regions will influence natives of the trojacs in an opposite way, and 
this seems to ho rendered likely by the way in which lung affections arise in 
many of thorn. 

We may admit there is an acclimatisation in this sense, hut in no other. 
The usual belief that the constitution acquires in some way a power of resist- 
ing unhealthy influences — ^that is, a power of not being any longer susceptible 
to them — is not supported, as far as I can see, by any evidence. The lungs 
in Europeans will not regain their weight and amount of action in the tropics ; 
a change to a cold climate only will cause this ; the skin retains its increased 
function until the cause producing it is removed. So also there is no 

* See Limousin ia Canstatt, 1863, band iL p. 105, and Babingtoii in Dublin Qmarterly 
Journal, Nov. 1864 

+ Chemical News, March 28, 1873. 

X In the colliery accident at Pont-y-Prj’cW, several men were confined for ten days in a 
small space, in which the air was much compressed. The exact pressure is unknown, but it 
was sufficient to drive one of the men, with fatal force, into the opening moflo for their rescue. 
Although the men were without food all the time they appeared to nave suffered less than 
might l^ve been anticipated. 
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accilimatisation in any sense of the word for malaria. It would seem dcsir.ilile 
to discontinue the use of a term which lias had several meanings, and to 
replace Acclimatisation by the word Accommodation. 

SECTION V. 

COMPOSITION OF THE AIR. 

Til e proportionate amounts of oxygon and nitrogen remain very constant in 
all coiintnos, and the range of variation is hot groat. 

So also, ajiart from the hahiiations of men, the amount of carbonic acid is 
(at elevations occupied by men) constant. The variations in watery vapour 
liavo been already noticed. 

The only alterations in the composition of the air which come under the 
hea«l of climate, are changes in tlie state in which oxygen exists (for no change 
is known to occur in nitrogen), and the presence of impurities. 

Sub-Section T. — Ozone. 

Ozone is now admitted by most chemists to ho an allotropic condition of 
oxygen ; and, as conjectured by Odling, it is now believed that it is a com- 
pound molecule made up of three molecules (O 2 O) of oxygen. The so-called 
untozone is now hidieved to be peroxide of hydrogen diffused in a largo <iuan- 
tity of atmosjiheric air. Variations in the amount of ozone have he.on suj)- 
posed to he a cause of climatic difference, hut, in spite of all tlie labour which 
hfis been given to this subject, the evidciico is very uiiconclusive. The reac- 
tion with the ozone paper is liable to great fallacies* (see Meteorology). 
Yet it seems clear that some points aro made out ; the ozonic reaction is greater 
in pure than impure air ; greater at the sea-sido than in the interior ; greater^ 
in mountain air than in the plains; absent in the centre of large towns, yet 
present in the suburbs ; absent in an hospital ward, yet present in the air 
oiitsiile. In this country it is greater with south and west; winds; greater, 
according to Moffat, when the mean daily temperature and the dew-point tern- 
pcTatimjaro above the mean; the same observiir found it in increased fpiautity 
with decreasing readings of tlie barometer, and conversely in lessened cpiantity 
with increasing readings. 

The inipeilections in tlio test render it desirable to avoid drawing conclu- 
sions at pri'sent ; hut one or two jioints must he adverted to. 

1. • Owing pphably to the oxidising power of ozone when prepared in the 
laboratory, a great power of destruction of organic matter ffoatiiig in the air 
has he(m ascribed to ozone by Schijiibein, and the absence of ozone in the air 
has been attributed by others to the amount of organic matter in the air of 
towms. Even the cessation of epidemics (of cholera, malarious fevers) has 
been ascribed to currents of air bringing ozone with them. The accuinula- 

* The subject of ozone will be found fully discussed by Dr C. Fox (Ozone and Antozone, 
1873). The causes of fallacy in the tests are carefully explained. Admitting the uncertainties 
of the subject, and doubting wliether ozone has been shown to play any part in aiding or avert- 
ing epidemic diseases. Dr Fox yet concludes that ozone is an agent of great importance in 
nature; tliat it decomposf3S some of the olleiisive products of putrefaction ; and, as it exists 
naturally in the air, we may infer that the consumption or non-existence of ozoue may contri- 
bute to the fonnati(ui of an unhealthy atmosphere (p. 163). Dr Fox adopts the view that 
ozone is made up of three atoms of oxygen, and that its formula is 0.^0 — 48. Antozone ho 
consitlers to be peroxide of hydrogen the mixing of which with ozone would camse the follow- 
ing change : 

DjjO -i- 112^9 “ “l“20g 

One molecule of water and two of oxygen, in the form in which w%are acquainted with it in 
a sepai'ate state. 
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tion of malaria at night has been ascribed to the non-produotion of ozone by 
the sun’s rays (Uhlo.) The effect of stagnant air in increasing epidemics has 
also been ascribed to the absence of ozone. 

It seems clear that the substance giving the reaction of ozone is neither 
deficient in marshy districts, nor when ozone is conducted thi'ougli mavsli dc^w 
does it destroy the organic matter.* Is there any experimental proof tliat it 
acts on the organic impurities of respiration ? I have been able to find none 
recorded, excoj^t the fact alreiidy noticed, that the reaction is least in inii)uro 
air. 

2. On account of the irritating effect of ozone, when rising from an 
electrode, Schonbein believed it had the power of causing catarrh, and inferred 
that epidemics of infiuenza might bo produced by it. Ho atbiinptod to 
adduce evidence, but at present it may sfifely bo said that there is no j)roof 
of such an origin of epidemic catarrhs. 

3. A popular opinion is, that a climate in which there is much ozone (i.e., 
of the substance giving the reaction with iodide and starch paper) is a healtliy, 
and, to use a common plirase, an exciting one. The coincidence of excess of 
this reaction with pure air lends some support to this, but, like the fonuer 
oi)inions, it still wants a sufficient experimental basis. 

On the whole, the subject of the presence and effects of ozone, curious and 
interesting as it is, is very uncertain at present; experiments must be 
nmneu-ous, and inferences drawn from them must bo received witli caution. 


Sub-Section IT. — Malakia. 


Tlic most important organic impurity of the atmosphere is malaria (for Air 
of Marshes, see page 111), and wlien a climate is called unliealtliy,” in many 
•cases it is simply meant that it is malarious. In the chapters on Soils and 
Ain the most important hygienic facts coimected with malaria have b(>cn 
nottd. In this ifiaco it only i*emaiiis to note one or two of the climatic points 
associated 'with malaria. 

1. Vertical Ascent , — A marsh or malarious tract of country existing at any 
point, what altitude gives immunity from the malaria, supposing thert^ is no 
drifting up ravines] It is well known that even a slight elcvatum lessens 
danger — a few feet even, in many cases, but complete seciirityis only obtained 
at greater heights. Low elevations of 200 to 300 feet are often, indeed, more 
malarious than lower lands, as if the malaria chiefly iloated up. 

At present the elevation of perfect security in diilerent paris of th(i world 
is not cerhiinly determined, but appeals to be — 


Itfily, • 

America (Appalachia), 
California,! . 

India, . . . 

West Indies, 


400 to 500 fect.f 
3000 „ 

. 1000 „ 

2000 to 3000 „ 

1400 „ IStfO up to 2200 feet. 


But these numbers are so far uncertain that it has not always been seen 
that the question is not, whtjther miirshes can exist at these elevations (we 
know they can be active at 6000 feet), but whether the emanations from a 


* In addition to what has been previously said (p. 112), Grellois has lately stated that he 
found more ozone over a marsh than elsewhere. An intei*6sting series of observations on ozone 
in the Bombay Ihrosidency has been made by Dr Cook, and, if continued, will r>robably give us 
some reliable data in a few years, 
f Carrihre, quoted by Lfevy, t. i. p. 491. 

^ This information was given me oy my friend Dr James Blake. 
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marsh will ascend that height without drifting up ravines'? I cannot help 
suspecting that 1000 to 1200 feet would generally give security. 

2. Horizontal Spread . — In a calm air Levy* has supposed that the maliiria 
will sj)read until it occupies a cube of 1400 to 2000 feet, which is equivalent 
to saying it will spr(*ad 700 to 1000 feet horizontally from the central point 
of the marsh. Ihit currents of air take it great distances, though the best 
observations show that thcjse distances are less than were supposed, and seldom 
overpass one; or two aniles, uni ess the air-currents are rapid and strong. The 
precise limits ar<i unknown, but it is very doubtful if the belief in trans- 
feronco of malaria by air-currents for 10, 20, or even 100 miles, is correct. 

3. SjYread oner Water . — The few precise observations show that this diflers 
in dilierent countries. In the Channel, between Boveland and Walcheren, 
3000 f(iet of wat()r stopped it (Blanc). In China and the West Indies a 
farther distance is necessary. In China three-quarters of a mile has be*en 
oilectual;! hi the West Indies one mile. Grant thinks salt water more 
eilicacious than fresh. 


SECTIOIf VI. 

ELECTRICAL CONDITION—LIGIIT. 

Tliat these, as well as heat, are important parts of thtit complex agency W(^ 
call Climate, seems clear; but little can bo said on the point. In hot 
countries positive electricity is more abundant; but the effect of its amount 
and variation on health and on the spread and intensity of diseiises is quite 
unknown. -All that Inis been ascribed to it is pure speculation. The only 
certain fact seems to me that the spread of cholera is not inlluonced by it. 

With regard to light, the physiological doctrine of the noocjssity of light for% 
growth ami perfect nutrition makes us feel sure tliat this is an important 
part of climate, but no positive facts are known. 

* T. i. p. 464. 

f Grant (quoted by Olievers), Indian Annals, 1859, p. 636. 
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DESCEIPTION OF THE METEOROLOGICAL INSTRUMEJfTS, 
AND A FEW REMARKS ON METEOROLOGY, 


As meteorological observations are now so commonly made, and as in the 
army instruments are provid(id at many stations, it is tlesirabJe to give a few 
plain instructions on the use of these instruments.* For tlui convenience of 
beginners, also, I have made a few observations on Meteorology. 

* The following is the officital circular issued by the Amiy Deiiartineiit : — 

Officuil Instnictions f(yr Rmding the Meteorologiccd Instrinnents. 

The observer should make himself thoroughly acquainted with the scale of every instrunicnt, 
especially with that of the barometer and its attached verniur, and by frequent conij)arisi»n.s 
ascertain that ho and his dejiuty read the instrumeuts alike, and record the observations accu- 
rately. 

All observations must be recorded exactly as read. Tlie coiTections are to be made only at 
the end of each month on the means ” of the '‘snrns.^^ 

Barometrical observations must be recorded to the tljird decimal place. ; thoi’niometrical to 
the first deminal. When the readings are exactly to the inch or degree, the places for the deci- 
mals must DC filled up with ciphers. 

The olisei-vations should be ma<lo as quickly as possible, consistent with perfect accuracy, 
and the observer must avoid bi-ejitliing ou the instrumeuts, particularly the dry and wet bidb, 
•and maximum thermometers. 

Barometer Beadhigs. — Note the temperature of attached thermOmctei’s in degrees only ; by 
means of the thumh-screw at the bottom adjust the mercury in the (cistern to its proper level, 
the point of the ivory cone, which should just touch the mercury without breaking the surface ; 
tlien bring the zero line of the vernier to tlie level of tlie apex of column of the mercury, and 
read off in the manner described at page.s 15 and 16 of Sir H. James’s Book of Tnslmctions.* 

Thenmmeter Beruiings. — The scales are divided to degrees only, but these are so open that 
the readings can bo determined to the tenth of a degree. Practice and attention will insure 
accuracy. 

Thermmneter in Sheide, — ^The maximum thermometer must he hung at such a 
distance V2 or 3 inches) from the water vessel of the wet-bulb thermometer, that its i*eadiiigs 
may not he affected by evaporation. 

In hanging the maximum, care must be taken that the end of tlie tube is slightly inclined 
dovmvjards, which will have the effect of assisting in jireventing the return of any portion of 
the column of mercury into the bulb on a decrease of temperature. To read the instrument, 
gently elevate the end furthest from the bulb to an angle of about 45°, in which position of the 
instrument note the reading. To reset the thermometer, a gentle shake or swing, or a tap on 
the wooden frame of the instrument, will cause the excess of mercury to return to the bulb, 
and it is again ready for use. 

Mojximum inSun*s Jtay^Sy or theVaeiium Solar Radiation. Tlmwjomcter. — 'ReXn^ constructe*! 
on the same principle as the last mentioned instrument, it must be read in a similar position. 
After conqileting the reading, by giving the instniment a slight shake, with the bulb still 
inclined downwards, the excess of mercury will return to the bulb, and the thermometer be 
rea<ly for the next observation. 

Minimum Thermometer in Shade , — The minimum thermometer must be so hung that the 
bulb may be about one ineh lower than the other extremity of the instrument, because in this 
position the index is less likely to be affected by a rise in temperature. 

The extremity of the index furthest from the bulb shows the lowest degree to which the 
spirit has fallen since the last observation. The reading on the scale corresponding to this is 
the temperature to be recorded. Then, by elevating the bulb, the index will float towards the 
end of the spirit. When it has nearly arrived at that point, the instrument is i*e-set. 

Minimum on Orass, Terrestrial Radiation Thermometer is constructed like the last, and the 
directions above given are also applicable to it. 


* For these ore now substituted “ Instructions In the use of Meteorological Instruments,** by K. H. Scott, 

M.A., F.K.S., 1875. The Barometer correctious are explained ut pp. SO, si. 
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. SECTION 1. 

^TIERMOMETEES FOR TAKING THE TEMPERATURE OF THE AIR. 

Maximum Thermometers, 

Two niaxiiiiiuii tLxsrmomctcrs aro issued — one to observe tbo great(?.st heat 
ill the sun, the other in the sluido. 

The San Maxhnmn or “ Solar RaiHation, Thermometer ” is formed by a 
glass case (from >\’hieh the air is removed), ooiitaiiiing a mei-curial thernioineter 
witli a blackened bulb. The case shelters from currents of air ; the black 
bulb absorbs the sun's rays. The tube of the theimomtiter is slightly bent 
lUiai’ the. bidb, and a piece of porcelain is inserted which narrows the tube. 
The (‘llect of tliis is to make the thermometer self-registering, as, after the 
mercury has cxpiiiided to its fullest extent, instcjad of retiring into the bidb 
on cooling, it is stop})ed by the porcelain, and the mercury breaks between 
the porctdain ami the bulb. The instrument is jilaced at a htiight of four feet 
from the ground on ^vooden supports, and in any plac .0 where the sun's rays 
can freely fall on it. 

The Shade Maximum is a mercurial thermometer, not inclosed in a case but 
mounted on a frame. Its construction and manner of reading are utherwiso 
similar to those of the sun thermometer. 

It is placcjd in the shade four feet above the ground, and sufficiently far 
from any walls to be unaHV3cted liy radiation. It should be freidy exjiosed to 
air, but perfectly jirotected from the sun's rays. , 


After readiii" and re-setliiig tlie self-registenug thermometers, compare them with the dry, 
iaill) thernioineter in order to ascertain tliat their readings arc nearly the same. ' 

]}ry and Wel’Uidli Bring the eye on a level with the top of the mei'ciiry in 

the tube of the dry-bulV) thermometer, and take the reading, then complete the observation by 
noting in like manner the reading of the wet-bnlb thermometer. ^ 

The temperature of the air is given by the former, that of evapuiaux^n la.v, I' 

tlu^se (lata the hygrometrical results are to be calculated by Glaisher’s Tables, edition.* 

Ua:in-<>autje and Measure.— Vonv the contents of tlie gunge into any convenient vessel with 
a lip, au«l from tliis into the glass measure, whi«-]i has been graduated especially for the «'ama* 
and is only to be used in measuring its coutenls. It is graduated to the Jiuiulre(lths'’of "an 
incli. 

/l7?.mome^ers-Thc dials are read from left to right. Tlie first on the l(‘ft records hiindn*ds 
of miles, the second tens, the thml miles, the foiu-tli tenths of a mile, and the fifth hundredths 
of a mile. 

Th(^ reading of the ane.inoineter is obtained by deducting from the amoimt registered by the 
dials the total sum registered at the ]*eriod of the preceding observation. The difierenci be- 
tween tb.ose (subject to a small coTTCctioii) indicates the velocity or horizontal movement of the 
air in mihis during the interval, and must be entered in the return. When the instrument is 
iirst set up, tlui reading on the dials must be noted, in order that it may he deducted from the 
total rcgistcaed l)y the dials at the end ol the first period of observation. 

In making observations on the presence of ozone, a box has been found to he unneceasary 
equally satisfactory ivis lilts having been obtained by fixing the paper immediately under the 
lienthousc oi’ the stand, which shelters it sulliciently friini a strong light, while it secures 
proper exposure. 

The minimum thermometers are liable to get out of order— first, by carriage, when the index 
may bo, wle lly or partly driven out of the .spirit, or a ^lortion of spirit may become detached 
fnmi the main e.oluiim ; and, sec-ondly, by slow eva]»oratiou of tlie spirit, whii-li risin" in the 
tube, condenses at the up])er end. The fir.st-montioned errors ai-e col lected liy takin«r the ther- 
mometer in the liand, with its bulb downwards, and giving it a swing nji and down Tlio 
second is v(nm‘die.d by tlie iuclincd po.sition of the instrument, which allows tlie condensed 
spirit to Irickhi bach to the main coliimn.f 

S. On Ji( arcfunt AvliTitevor is artificial heat to he applied to a spirit thermometer. In 
re-setliiig the miiiiiiiuiu, the index should never ho brought quite to the end of the column of 
spirit. 


* A f>th edition is now paMished. 

t It is geucraUy necessary to swing the Instrument to get back the broken poition of the column. 
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Minimum Thermometers, 
miniiimin theniiomoters are supplied. 

The Shade Minimum is an alcoholic tliermomcfcor with a small index in the 
alcohol. It is set by shaking the index nearly to the end of the spirit ; us th(i 
spirit contracts during cold it carries the index down ; when it expands jiguin 
it cannot move the index, but leaves it at the degi-ecs of greatest cold. I'lie 
end of the index farthest from the bulb is the point to reiad 

Tliis tlicrniometor is placed in the shade four feet above ground, under tlio 
same conditions as the former. 

The Grass Mmimum or Terrestrial Radiation Thermometer ” is a thei- 
raoiiKjter of tlie same kind, but luotecfced by a glass sliield. It is 
almost close to the gi’ound on grass, suspended on lilitle tripods of wood, hnt 
it should not touch the ground; it is intended to indicate the iunount of cnoh 
ing produccid by radiation from the ground. If snow lies on thtj ground the 
bulb should be placed in the snow. Scott (‘^Instructions, &c.”) recouimeuds 
a black board on which to lay the thermometer, in preference to grass.* 

Common Thermometer, 

The dry bulb of the “wet and dry bulb thermometer” is read as a comiiion 
thermometer. 

Heading of the Thermometers, 

All these thermometers can be read to tenths of a degree. 'Jdie maximum 
and minimum thermometers are read once a day, usually at d am. ; tlio former 
marks the highest point rejiclied on the previous afternoon, and must he i;o 
entered on th(5 return ; the latter, the lowest point readied oji the smiio 
j morning, t the army returns the common thenuometer is read twice a 

day, at 9 a.m. and 3 r.M. 

Range of the Temperature. — The maximum and minimum in shade give 
most important climate indcations ; tlie diJlbrence between them on the same 
day constitutes the range of the diurnal Huctuation. The range is expressed 
in several ways. 

The extreme daily nuige in the month or year is the difference botAveen the 
maximum and minimum thermometer on any one day. 

The extremely monthly or annual range is the difference? belAvoon the 
gi*eat( 3 st and leiist height in the mean of month or year, as compared with 
another. 

Th(i mean monthly range is the daily ranges added and divitled by the 
nuiiiher of days in a month. 

Th(? mean yearly range is the monthly ranges addeel and divided by 12. 

Mean Terrqj^'ature. — ^"J'he mean tcmijcratui’o of the day i>s obtained iji the 
following ways : — 

(а) At GreciiAvich and other observatories, Avlioro by jneaiLS of photogi'ajihy 
the height of the thermometer at every moment of the day is ri^gistered, I In? 
mean of the hourly readings is taken. This has been found to ai^coi’d Avitli 
the absolute mean (found by taking the mean of the whole curve) to within 
yVHi of a degro(?. 

(б) Approximately in several ways. Taking the mean of the sh: idc. 

*■ Great rlifliculty is foimd Avith spirit thermometers on account of their heiiiir so miicli ! .^s 
sensitive than mercurial, 'ro remedy this the bulb is sometimes made fork-sIiajic<l, or titUiT- 
wise moditied so as to expose as large a surlace as possible. 

i* It would be desirable that the thenuometer should be read both morning .and evening. . fii 
winter the maximum sometimes occurs in the early morning and the minimum in the aftcr- 
iioon. In winter the range depends more on the wind than on the time of day (Scott). 
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maximum and minimum of the same day. In this country, during the cohl 
months (December and Janiij^y), the result is very close to the truth ; but as 
the teniperjituro inci’cascs, a greater and greater error is produced, until in 
July the moan montlily error is -f 1®*9 Fahr., and in some hot days is mucli 
greater. , In the tropics, the mean of the maximum mid minimum must give 
a result still furth(u‘ from the truth. 

Monthly corrections can be applied to bring those means nearer the truth. 
Mr Glaislier's correction for this country is Jis follows : — 

Subtract from the monthly mean of the maximum and minimum — 

January, 6*2 May, i*7 September, 1 -3 

February, 0*4 June, 1'8 October, 1*0 

March, 1*0 July, 1*9 November, 0*4 

Ajuil, 1-5 August, 1*7 December, 0*0 

The result is the approximate mean temperature. But this is true only for 
this country.* 

In a great numlier of jilaces the mean temperature of the day and year, as 
stated in books, is derived solely from the mean of the maximum ami 
minimum. According to Scott, the ajiproximation to the true mean is very 
close in most ]'»arts of the world, especially if the observations be taken as 
near the fud of tlie period as possible, near midnight, for instance, for the 
mean of the civil day of twenty-four hours. 

The approximate mean temperature may also be obtained by taking 
obsors^atioiis at c(irbain times during the day, and aj)[)lyiTig a coiTe(jtion, Mr 
Glaisher lias given some very valuable tables of this kind,! which can he 
consulted. { 

If the temperature bo taken twice a day, at homonymous hours, such as 9 
A.M. and 9 the mean of these does not diller much from the true daily 
mean (Scott). 

The nearest apiuoach to the mean temperature of the day hy a single 
observation is given at from 8 to 9 p.m. ; the next is in the morning — about 
8 o’clock in July and 10 in December and January. 

The nearest approacli to the mean annual temperature is given by the 
mean of the, month of October. Observations made from a week before to a 
W(^ek after the 24th April, and again in the corresponding weeks of October, 
give a certain approximation to the yearly mean temperature (Herschel, 
“Meteorology,” p. 180). 

Th(^ changes in temperature of any place, during the day or year, are either 
periodic or non-periodic. The former are dependent on day and night, and 
on the seasons, le., on the i) 08 ition of the place with respect to the sun. Tlio 


* These iiumhers of Mr Glaisher are likely to be modified very considerably by the observa- 
tions of the Astronomer-Royal, about to be published. 

+ On tlie Corrections to be applied to Meteorological Observations for Diurnal Range, pre- 
pared by the Council of the Britisli Meteorological Society, 1850. These corrections ai e apjdica- 
ble only to this couijtiy. 

X The following rules, which are applicable in all i*arts of the world, are given by Hers- 
chel:—* 

If observations are taken three times daily— at 7 A.M., 2 r.M., and 9 r.M., — ^hours which we 
may denote by t, V, and ; then 

>»mean temperature of day. 

If the hours are 8 a.h., 3 f.m., and 10 p.m., the formula is — 

7i+7t'+10i'' 

^ —mean of day. 


^Meteorology p. 178. 
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periodic changes are somotiines termed fluctuations, and the differences 
between day and night temperatures, or the tem])eratui’es of the hottest and 
coldest months, are often called the amplitudes of the daily or yearly fluctua- 
tions. 

The non-periodic changes are dependent chiefly on shifting winds, and may 
either augment or lessen the periodic changes. They arc sometimes termcid 
undulations. The thermometer makes, of course, no distinction between 
these two causes of change, but the observer should distinguish them if 
possible. 

Daily Periodic Changes, — On land the temperature of the air is at its 
lowest about 3 o’clock a.m., or just before sunrise, and at its maximum about 
2 o’clock p.M. ; it then falls nearly regularly to 3 o’clock a.m. At scji, the 
maximum is neai’ly an hour later. 

The amount of diurnal periodic change is greater on land than on water ; in 
the interior of continents than by the sea-side ; in elevated districts than at 
sea-level. As far as land is concerned, it is least on the sea-cofist of tropical 
islands, as at Kingston in Jamaica, Colombo in Ceylon, Singajxjre, &(5. 

Yearly Periodic Changes, — In the northern hemisphei*e, the coldest month 
is usually January; in some parts of Canada it is February. On the seti, the 
coldest month is later, viz., March. The hottest rmonth is in most places 
July, in some few August ; on the sea it ls always August. The coldest days 
in this country are towards the 21st January; the liottost, about the 18tb to 
the 21st July. At Toronto the hottest day is 37 days after the suiiimer 
solstice ; ami the coldc'st, 55 days after the winter solstice. 

It is thus seen that both for the diurnal and annual altomtions of heat the 
greatest heat is not simultaneous with, but is after, tlie culmination of the 
suji ; this is owbig to the slow absor])tion of' heat l>y tlie (3arth. 

^ Tlu) amplitude of the yearly fluctuation is greater on land than sea, and is 
angumeiited by land, so that it reaches its highest j^oijit in the interior of 
great extra-tropical continents. 

It increases towards the pole for three reasons, — 

1. I^ho geographical fluctuation of the earth’s j)osition causes a great yearly 
difference of the angle with which the sun’s rays fall on the earth. 

2. The duration of incidence of the sun’s raj-s (i.e., the number of hours of 
sunshine or shade) have greater yearly differences than in the tropics. 

3. In the northern hemisphere especially there is a vr3ry great extent of 
land, which increases radiation. 

The amplitude of the yearly fluctuation is very small in the tropical lands 
at sea-level. At Singapore, it is only Fahr. (Jan, 7S°'S, July 82"' *4), 
while it is immense on continents near the ])olo. At Jakoutsk, in Korth 
Asia, it is 112''‘5 (January - 44° *5 ami July + 68°). All fluctuations dc})end 
to a large extent upon the distance from the sea, although local causes may 
have some influence, such as the vicinity of high lands. 

In any place there may be great undulations and small fluctuations, or 
great changes in each way. At Brussels, the greatest possible yearly undula- 
tion is 90°. In some parts of Canada, immeiiso unduhitions sometimes occur 
in a day, the thermometer ranging even 50° to 70° in one day. 

The hot winds of the rainless deserts have long puzzled meteorologists ; 
they often cause enormous undulations, 50° to as much as 78° Fahr. 

Temperature of the Air of any place. 

This depends on the following conditions : — 

1. Geographical position as influencing the amount and duration of sun's 
rays which are received, — The nearer the equator the hotter. For 23^° on 
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either side the eciuator the sun’s rays are vertical at one period of the year, 
aud are never more oblique than 47**. The mean yearly temperature of the 
equator is 82° Fahr . ; of the j)ole about 2° '5 Fahr. The decline from the 
equator to the pole is not regular ; it is more rapid from the equator to 30° 
than in the higher latitudes. 

2. Relative amount of Land and Water, — The sun’s niys passing through 
the air with but triJling loss fall on land or on water. The specilic heat of 
land being only one quarter that of water, it both absorbs heat and gives it 
out more rajudly. Water, on the other hand, absorbs it more slowly, stores 
up a greater quantity, and parts with it less readily. The temperature of th(', 
superlicial water, oven in the hottest regions, seldom exceeds 80° to 82°, and 
that of the air is generally below (2° to even 6°) the temperature of tlie water 
(J. Davy). Consequently the more land the greater is the heat, and the 
wider tin? diurnal and yearly amplitudes of lluctuation. The kind of soil has 
a great (dTect on absor 2 )tion, and the land also transmutes the heat to a (iertain 
extent (see Soii^). The evaporation from the water also greatly cools the air 
(see Evapouation). 

3. Elevation of the place above the Sea -level, — The greater the elevation the 
colder the air, on account — D’f, of the lessening amount of eartli to absorb 
the sun’s rays ; and, 2<7, on account of the greater radiation into free space. 
The decline of tem 2 )erature used to be reckoned at about 1° Fahr. for eacli 300 
feet of ascent, but the balloon ascents of Mr Welsh, and especially of Mr 
Glaisher, have proved that there is no regular d(jcline; thoni are many (juitci its 
of warm air even in the upper atmosphere. StiU the old rule is usc^ful as an 
a2)proximation. I'he amount of decline varies, liowever, in tlio same placu^ at 
dittcrent times of the year. In MrClaishor’s balloon ascents, in a clmidy sky, 
it was {ibout 4° Falir. for each inch of barometric fall, at first ; but wIkju tJie 
barometer had fallen 1 1 inches, the decline of teinpeiature was more lupid. 
Under a clear sky there was fall of 5° Fahr. for each of the first four inches 
of descent ; then 4° per inch till the thirteentli inch of descent, and then 4°‘5 
for fourteenth, fifteenth, and sixteenth inches of descent. 

The snow-line at any spot, or the height at which snow will lie the whole 
year, can be approximately reckonetl l)y taking the mean yearly temperature 
of the latitude at sea-lcvcd, and multqilying the dilt'erence between that tem- 
perature and 32° Fahr, by 300. The asproi of a jiluce, howev(ir, and other 
circumstances, have much to do with the height of the permanent snqw-liiio. 
The mean temperature of any jilace can be approximately reckoned in the same 
way, if the mean temperature of the latitude at sea-level, and the elevation of 
the j)lace in feet, be known. 

4. Affpcct and Euposure, and Special Local Conditions, — These circum- 
stances chiefly aflect a place by allowing free ex 2 )osure to, or sheltering from 
the sun’s rays, therefore less(3iiing the number of hours the rays reach the soil, 
or by fumisbing at certain times a large moist surface. Thus the extensive 
sandbanks of the IVlersey cause very rapid alterations of teinpemtiue in the 
wat(3r and air, by being exposed every twenty-four hours twice to the sun and 
sky (Adie). 

5. Aerial and Ocean Currents, — These have a great effljot, bringing clouds 
wliicli block out the sun or jDroduce rain, or which, in the case of ocean 
currents, cool or warm the air. The cold polar sea currents and the warm 
ec^uatorial (like the Gulf Stream) in some cas^ almost determine, and tilways 
greatly influence, the temperature of a place. 

6. Nature of tha Soil, — On this point little is yet known, hut it is certain 
that some soils easily absorb heat ; others do not. The moist and clayey soils 
are cold ; the dry hard rocks and dry sands are hot. 



HYGROMETERS — HUMIDITY OF THE AIR. 451 

Tho hottest places on the earth are — in the eastern hemisphere, near the 
Ee<l Sea, at Massava and Khartoum (15*" K.L.), and on tho Kile in Lower 
Kuhia j annual tcmp(irature== 90°'5 Falir. ; in the western hemisphere, on the 
Continent, near tho West Indies, the annual temperature is 81° *5. These are 
sometimes called tho climatic j)oles of heat. The poles of cold are in Siberia 
(Jakoutsk to Ustjausk, 62° K.), and near Melville Island. 

Isothei^al Lines, — These are linas drawn on charts, and were proposed by 
Humboldt to connect all places having the same mean annual hmiporature. 
Th(i various conditions just nohid cause these lines to doviatti more or less from 
the lines of latitude. Tho isothermal lines are now drawn to iX3present tho 
places of tho same mean monthly, or mean winter or summer temperature. 

The lines of mean summer temxierature (three months, J uncj, J uly, August) 
are called isotheral ; those of nuian winter temperature (.December, January, 
and Februmy) are called isocheimonal.* 

SECTIOK II. 

HYGROMETERS— HUMIDITY OF THE AIR. 

Tlui amount of watery vapour in the air can be determined in several ways ; 
by direct weighing, by Daniells or Eegnault’s liygrometer, by the hair hygro- 
meter of Saiissure, and by the dry and wet bulbs. f The method by tho dry 
and wot bulb thermometers lias been adopt(Ml by the Army Medical Depait- 
meiit, and observations are taken twice daily (9 a.m and 3 p.m.). 'Ihe instru- 
ments are not self-registering, and are simply read oil’. Th(3y are placed in the 
shade, fortr fecit above the ground, tho Indbs freely exposed to thci air, but 
not exi)os(id to the effect of radiant heat from brick walls, <fec. The wet bulb 
lis coverecl with muslin, which is kejit moistened by cotton twisted round the 
bulb and then passing into the Avater v(?ssel ; the cotton is soaked in solution 
of carbonate of soda, or boil(?d in ether to free it from fat, so that wat(?r may 
asciend easily in it by capillary attraction ; the muslin and cotton should bo 
renewed frefpiently, once or twice a month if possible ; the water must be 
either niiii or distilled water, and the supply ought to be more amide in dry 
hot Aveather than in damp. When the temperatures is below tbes frecizing- 
point, the passage of Avatcr along tho syphon is arrested : it is then necessary 
to moisten the wet bulb, allow tlie moisture to freezii, and then sometime after 
to take the reading. Tho dew-point, the weight of a cubic foot of vapour, 
and the relative humidity, are then takciii from Mr (Haisher's taldes.J 

♦*Tt may l>o well to mention the i*elations between tlie tbre<i principal thermometer scale-^. 
Whilst the freeziiij^-point in tlie Fahrenheit scale is at 32^ it is at O'' in both the Ceiiti^^rade (or 
Celsius) and the Keaiimur scales. Water boils at 212“’ on the Fahrenheit scale (barometer 
=-29*905), at 100'* on the Centigrade, and at 80® of Reaumur. 

Hence the formula of reduction is : — 
from which the conesponding temperatures can easily be found, 

F — 32 C R 
"~9 ” 4 ' 

+ Tliese are to be considered as one inslruraent, and are frequently called the Psyclii-ometcr 
of August, or (in this crnintry) of Mason. 

X Hygrometrical Tables, oth edition, 1877. A copy is now sent to each station. 
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DESCRIPTION OF METEOROLOGICAL INSTRUMENTS. 


WeigM in Qrahis of a CuUc Foot of Vapour^ under the pressure o/30 inches 
of Mercury for every degree of temperature from 0° to 100"*. The tempera- 
ture is the dewpoint y and the weight of vapour is the weight which can he 
siistained at that temperature without being visihle. 


Temp. 

Fahr. 

Weight in 
grain.H of a 
Cubic Foot of 
Vapour. 

Temp. 

Fahr. 

Wciglit In 
grains of a 
Cubic Foot of 
Vapour. 

Temp. 

Fahr. 

Weight in 
grains of a 
Cubic Foot of 
Vapour. 

Temp. 

Fahr. 

Weight in 
grains of a 
Cubic Foot of 
Vapour. 

32 

grs. 

50 

grs. 

O 

67 

gl*S. 

84 

gl-B. 

2T3 

4*10 

7-27 

12*40 

33 

2-21 

51' 

4*24 

68 

7-51 

85 

12-78 

34 

2*30 

52 

4*39 

69 

7-76 

86 

13-17 

36 

2*48 

53 

4-55 

70 

8 01 

87 

13*57 

36 

2*48 

64 

4*71 

71 

8*27 

88 

13*98 

37 

2-67 

55 

4*87 

72 

8‘54 

89 

14*41 

38 

2*66 

56 

5*04 

73 

8*82 

90 

14*85 

39 

2-76 

67 

6*21 

74 

9T0 

91 

15*29 

40 

2-86 

58 

6-39 

75 

9-39 

92 

15*74 

41 

2-97 

59 

5‘fi8 

76 

9-69 

93 

16*21 

42 

3-08 

60 

5*77 

77 

9*99 

94 

16*69 

43 

3*20 

61 

6*97 

78 

10*31 

95 

17*18 

44 

3-32 

62 

6T7 

79 

10-64 

96 

17-68 

45 

3*44 

63 

6-38 

80 

10-98 

97 

18-20 

46 

3*56 

64 

6-69 

81 

11*32 

98 

18-73 

47 

3-69 

65 

6-81 

82 

11*67 

99 

19-28 

48 

49 

8-82 

3*96 

G6 

7-04 

83 

12*03 

100 

19*84 


Definition of these terms , — The dew-point is the toin 2 :)emtu]’e wlien the air 
is just saturated with nioistui’e, so that the least furth(?r fall would cause a 
deposit of water. The quantity of vjipour which can he taken up and b(? 
made quite invisible to the senses varies with temperature. The preceding 
table gives the weight of a cubic foot of va 2 )our, or to use the common, 
though not (iuito accurate, phrase, the weight of vapour in a cubic foot of air 
at different temperatures when the air is saturated witli moisture. 

The dew-point is obtained directly by Danicirs or liCgnaiilt's hygrometer, 
which eiiables us to cool and note the temjxu’ature of a Ijright surface until 
the dew is deposikjd on it, or indirectly by means of the dry and wet bulbs. 

Unless the air is saturated, the temperature of tlie. wet bulb (/.e., the 
temperature of evaporation) is (dways above the dew- 2 )oint, but is below the 
temperatuKJ of the dry bulb, being reduced by the evaj)oiation. If the dry 
and wet bulbs are of tlie same temperature, the air is saturated with moisture, 
and the temperature noted is the dew-point ; if tlicy are not of the same 
* tcmjierature, tlie dew-point is at some distance below the wet bulb tem^ierature.* 

It can then be calculated out in two ways. 

{a) By Mr Glaisher’s factors. By comparison of the result of DanieU’s 
hygrometer and the dry and wet bulb tliermorneters for a long tenn of yciars, 
Mr Glaisher has deductxl an empirical formula, wliich is thus worked. Take 
the difference of the dry and wet bulb, and multiply it by the factor which 
stands opposite the dry bulb temjierature in the following table, deduct 
the product fr<mi the dry bulb te,m 2 )eniture, the result is the dew-point. 

The dew-23oint being obtained, the amount of vapour in a cubic foot of aii’ 


* Occasionally the wet-bulb may read higher than the diy, as in thick fog or during very calm, 
cold weather. This is rare, but, should it be met with, then the temperature of the clry-bulb 
is to be taken and consider^ to be at saturation (Scott). 




apjohn’s formula— glaisher’s factor, 453 


is at onco seen by looking at the table before given. From this formula Mr 
Glaisher’s tables have been calculated. 

(/y) Ajjjohn's Formula , — From a most philosophical and exhaustive analysis 
of the conditions of this complicated problem, Dr Ajyohn has derived his 
celebrated formula which is now in general use. Keducod to its most simjdo 
expression, it is thus worked: — A table of the clastic tension of vapour, in 
inches of mercury at different temperatures, must be used. From this table 
take out the clastic tension of thti temperature of the wd thermometer, and 
call it f. Let {t - ^') be the difference of the two thermometers, and p the 
observed height of -the barometer. Apjohn’s formula then enables us to 
calculate the ekistic tension of the dew-point, which wo will call f'f; and this 
being known by looking in the table, we obtain, op 2 )osito this elastic tension, 
the dew-point himporature. 


The formula is : 


/"=/ - 0-01U7(< - 0 


The fraction differs but little fTOm unity, and may bo neglected ; 

oU 


the formula then becomes, for temperatures above 32“ Falir. : 

yr// _ — 0 

J J 

If below 32“ the formula is : — 

y D 

The derw-j)oint being knowm, the -weight of a cubic foot of va})om’, 
and the amount of elastic tension, expressed in inches of mercury (if this is 
ilosirod), are taken from tables ; the relative humidity is got by calculation. 


Glaisher'^s Factors — (See i)roviou8 page) : — 


Readln;^ 
of Dry- bulb 

1 Thmn. 

Factor, 

Reading 
of Diy-bulb 
Thonii. 

Factor. 

Reading 
of Dry-bulb 
Therm. 

Factor. 

Reading 
of Dry-bulb 
Therm. 

Factor. 

10 

s-n 

0 

33 

3-01 

56 

1*94 

79 

1*69 

11 

8-78 

34 

2-77 

57 

1-92 


1*68 

12 

8-78 

35 

2-60 

68 


81 

1*68 

13 

8-77 

36 

2-50 

69 

1-89 

82 

1-67 

14 

8-76 

37 

2*42 

60 

1*88 

83 

1*67 

15 

8*75 

38 

2-36 

61 

1*87 

84 

1*66 

16 

8-70 

39 

2 '32 

62 

1*86 

85 

1*65 

17 

8*62 

40 

2*29 

63 

1*85 

86 

1*65 

18 

8*60 

41 

2-28 

64 

1*83 

87 

1-64 

19 

8-34 

42 

2-23 

65 

1*82 

88 

1*64 

20 

. 8-14 

43 

2-20 

66 

1'81 

89 

1*63 

21 

7*88 

44 

2*18 

67 



1*63 

22 

7*60 

45 

216 

68 

1*79 

91 

1*62 

23 

7*28 

46 , 

2*14 

69 

1-78 

92 

1*62 

24 

6*92 

47 

2*12 

70 

1*77 

93 

1*61 

25 

6-53 

48 

2*10 

71 

1*76 

94 

1*60 

26 

6-08 

49 

208 

72 

1*76 

95 

1*60 

27 

5*61 

50 

2*06 

73 

1*74 


1*59 

28 

5*12 

51 

2*04 

74 

1*73 

97 

1*59 

29 

4*63 

52 

2*02 

75 

1-72 

98 

1*68 

30 

4*15 

53 

2*00 

76 

1-71 

99 

1*58 

31 

3*70 

54 

2*98 

77 



1*67 

32 

3*32 

55 

1*96 

78 

1-69 j 
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DESCRIPTION OF METEOROLOGICAL INSTRUMENTS. 


The relative humidity is merely a convenient term to express comparative 
dryness or moisture. Complete saturation being assumed to be 100, any. 
degree of dryness may be expressed as a percentage of this, and is obtained at 
once by dividing the 'weight of vapour actually determined by the 'weight of 
vapour 'which would liave been present had the air been saturated. 

In order to save trouble, all these points, and other mattcirs of interest, 
such as the weiglit of a cubic foot of dry air, or of mixed dry and moist air, 
are given in Mr Glaisher’s Ilygromctrical Tables, whi(;h are now sent to the 
principal stations, and which all medical officers are advised to get. But in 
the absence of tlu?se, the tables given in this chapter, and Glaisher’s factors, 
AviU enable tlie chief jioints to be determined ; also the table, page 455, which 
is extracted from Mr Glaisher's larger tables, will be found useful. It gives 
the relative humidity, and if the weight of a cubic foot of vaj)Our (in the table 
ahvady given, p. 452) at the temperature of the dry bulb, be multiplied by 
the i*elativo humidity, and then divided by 100, the actual weight of vapour 
in the air at the time of observation is obtained.* 

To read the table, take the temperature of the dry bulb, and the difference 
between it and the wot bulb, and look in the table at the intersection of the 
two columns. 

The amount of watery vapour can also be told by a hair liygrometer. A 
modification of Saussurc's hygrometer is stiU used in Erance, and also in 
Eussia mid Norway. A human hair, freed from fat by digestion in lifiuor 
potassse or ether, is stn.tehed between a iixeid point and a small needle, whi<jh 
traverses a scale divided into 100 parts. As the hair shortens or elongates 
the needle moves and indicates the relative humidity, f Tlie scale is graduated 
by wetting the hair for complete saturation, and by placing it over sulphuric 
acid of known strength for different degi'ces of saturation. J A very delicate 
instrument is thus obteined, which indicates oven momentary changes in* 
moisture. On comparison with the wet and dry bulb, I have found that it 
gives accordant results for three or four months ; it then loses its delicacy, 
and requires to be a little wound up. If compared with the dry and 'w^et 
bulb, the hair hygrometer seems to be exact enough for experiments in 
ventilation, for which it is adapted from its rapidity of indication. It has 
also been recommended by the Vienna congress for use in extreme climates, 
when the indications of the psychrometer aie either uncertain or entirely 
aatray.§ The amount of watery vapour in the air hiis a considerable effect on 
the temi)erature of a place. Henuann von Schlagintweit|| has ix)inted out 
that the differences between the temperature marked in the sun and shade 
by two maximum thenuometers are chiefly dependent on the amount of 
humidity. The maxima of insolation (measured by the difference between 
the sun and shade thcimometers) occur in those stations and on those days 
when humidity is greatest. Thus, at Calcutta, the relative humidity being 88 
to 93, the insolation (or difference between tlio thermometers) is 50“ Eahr. ; 
at Bellari the relative humidity being 60 to 65, the insolation is 8“ to IT. 
These results are explained by Tyndall's observations, which show that the 
transparent humidity will scaredy affect the sun's rays striking on the sun 
thermometer, while it grciatly obstructs the radiation of invisible heat from 
thti thermometer ; when the air is highly charged with moisture, the sun 


multiply by the relative humidity, with a decimal point 

+ Hair shortens when dry and elongates when moist. 

graduation of the scale is explained in The Arctic Manual, p. 16. 

§ See Scott’s Instructions, p. 47. 

I iJ Proceedings of Royal 8oc. vol. xiv. p. Ill, 1865. 



RELATIVE HUMIDITY TABLE. 
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Table of the Relatioc Ilamidlty given hy the difference between the 
Dry and Wet Bulb, 


T)iffuu£nck bktw£bn thk Dky and Wet Bulb. 


Temperature 
of tile 

0 il 

2 

4 

5 


7 

8 

9 

10 

11 

12 

13 

14 

U 

Dry Jiuib. 

1 




6 j 











Brlativ'b Humidity, SATruATiowr — 100. 


90 

100 

95 

90 

85 

81 

77 

73 

69 

65 

62 

59 

56 

Sti 

50 

47. 

44 

89 

100 

95 

90 

85 

81 

77 

73 

69 

65 

61 

58 

55 

52 

49 

46 

43 

88 

100 

95 

90 

85 

81 

77 

73 

69 

65 

61 

58 

55 

52 

49 

46 

43 

87 

100 

95 

90 

85 

81 

77 

73 

69 

65 

61 

58 

55 

52 

49 

46 

43 

m 

loo 

95 

90 

85 

80 

76 

72 

68 

64 

61 

58 

55 

52 

49 

46 

43 

85 

100 

95 

90 

85 

80 ! 

76 

72 

68 1 

64 

61 

58 

55 

52 

49 

46 

43 

84 

100 

95 

90 

85 

80 

76 

72 

68 

64 

60 

57 

54 

51 

48 

45 

43 

83 

100 

95 

90 

85 

80 

76 

72 

68 

64 

60 

57 ! 

5-1 

51 

48 

45 

42 

82 

100 

95 

90 

85 

80 

76 

72 

68 ! 

64 

00 

57 

54 

51 

48 

45 

42 

81 

100 

95 

90 

85 

80 1 

76 

72 

68 

64 

60 

56 

63 

50 

47 

44 

41 

80 

100 

95 

90 

85 

80 

76 

71 

67 : 

63 

69 

Mi‘ 

53 

50 

47 

44 

41 

79 

100 

95 

90 

85 

80 

75 

71 

67 

63 

59 

56 

53 

50 

47 

44 

41 

78 

100 

94 

89 

84 

79 

75 

71 

67 

63 

59 

56 

53 

50 j 

47 

44 

41 

77 

100 

94 

89 

84 

79 

75 

71 

67 

63 

59 

im 

5:3 

50 

47 

44 

41 

70 

100 

94 

89 

84 

79 

76 

71 

67 

6:5 

69 

55 

62 

49 

46 

43 

40 

75 

loo 

94 

89 

84 

79 

74 

70 

66 

62 

58 

55 

52 

49 

46 

43 

40 

74 

TOO 

94 

89 

84 

79 

74 

70 

66 

62 

58 

55 

52 

48 

45 1 

4:3 

40 

73 

100 

94 

89 

84 

79 

74 

70 

66 

62 

58 

54 

51 

48 

45 ! 

42 

40 

72 

100 

94 

89 

84 

79 

74 

60 

65 

61 

57 

54 

51 

48 

45 

42 

39 

71 

100 

94 

88 

83 

78 

73 

69 

65 

61 

57 

53 

50 

47 

44 i 

41 

38 

70 

100 1 

94 

8.S 

83 

78 

73 

69 

<>5 

61 

57 

53 

50 

47 

44 

41 

38 

G9 

100 

»4 

88 j 

8:i 

78 

73 

68 

64 

(JO 

56 I 

53 

50 

47 

44 

41 

48 

C8 

100 

94 

88 

83 

78 

73 

68 

64 

60 

56 

.2 

49 

46 

43 

40 

37 

tt7 

100 

94 

88 

83 

78 

73 

68 

64 

60 

56 

52 

49 

40 

43 

40 

37 

06 

100 

94 

88 

Bi\ 

78 

73 

68 

64 

60 

56 

52 

48 

45 

42 

40 

37 


100 

94 

88 

83 

78 

in 

68 

63 

59 

55 

51 

48 

45 

42 

39 

30 

•(54 

100 

94 

88 

82 

77 

72 

(57 , 

(>3 

59 

55 

61 

48 

44 

52 

39 

36 

03 

too 

94 

88 

82 

77 

72 

67 

6:5 

69 

55 

51 

47 

44 

41 

38 

35 

02 

100 

94 

88 

82 

77 

72 

67 

62 

58 

55 

50 

47 

44 

41 

38 

35 

01 

100 

94 

! 88 

82 

77 

72 

67 

62 

58 

54 

50 

47 

44 

41 

38 

35 

(50 

100 

94 

i 88 

82 

76 

71 

66 

62 

58 

54 

50 

46 

43 

40 

37 

34 

59 

lOO 

94 

88 

82 

76 

71 

66 

61 

67 

53 

49 

46 

4:J 

40 

37 

34 

58 

100 

03 

87 

81 

7({ 

71 

66 

61 

57 

53 

40 

46 

43 

40 

37 

34 

57 

100 

93 

87 

81 

75 

70 

65 

61 

57 

53 

49 

45 

42 

39 

36 

33 

50 

100 

93 

87 

81 

75 

70 

65 

60 

56 

52 

48 

44 

41 

38 

35 

32 

55 

100 

93 

87 

81 

75 

70 

65 

60 

56 

52 

48 

44 

41 

38 

35 

32 

54 

100 

03 

86 

80 

74 

69 

64 

59 

55 

51 

47 

43 

40 

37 

34 

31 

53 

100 

93 

86 

SO 

74 

69 

64 

59 

55 

51 

47 

43 

39 

36 

33 

30 

52 

100 

93 

86 

80 

74 

(>9 

64 

69 

54 

50 

46 

42 

39 

86 

33 

30 

51 

100 

93 

86 

80 

74 

(58 

6:5 

58 

54 

50 

46 

42 

36 

35 

32 

29 

50 

100 

93 

86 

80 

74 

68 

6:5 

58 

54 

49 

45 

4L 

37 

34 

3L 

29 

49 

100 

93 

86 

79 

73 

67 

(52 

67 

63 

49 

45 

41 

37 

34 

31 

28 

43 

100 

93 

86 

79 

73 

67 

62 

57 

52 

48 

44 

40 

36 

33 

30 


47 

100 

93 

86 

79 

73 

67 

61 

56 

61 

17 

43 

39 

26 

33 

30 


46 

100 

93 

86 

79 

73 

67 

61 

56 

51 

47 

43 

39 

35 

32 

29 


45 

100 

9*2 

85 

78 

72 

66 

00 

55 

50 

46 

42 

38 

34 

31 

28 


44 

100 

92 

84 

78 ! 

71 

05 

59 

54 

49 

45 

41 

37 

34 

31 

28 


43 

100 

92 

84 

78 

71 

65 1 

59 

54 

49 

45 

41 

37 

34 

31 

28 


42 

100 

92 

84 1 

78 

71 

66 

60 

54 i 

49 

44 

40 

36 

43 

30 

27 


41 

1 100 

92 

84 

77 

70 

64 

*58 

53 

48 

43 

;;9 

35 

41 

28 



40 

1 100 

92 


77 

69 

63 

57 

51 

46 

4*2 

38 

33 

31 




39 

100 

92 

84 

77 

69 

63 

57 

5*2 

47 

42 

38 

34 





38 

100 

91 

8:3 

75 

68 

62 

56 

50 

45 

41 

37 






37 

100 

91 

83 

75 

68 

61 

55 

49 

44 

39 







36 

100 

91 

82 

74 

66 

69 

53 

47 

42 








35 

100 

90 

80 

72 













3-f 

100 

89 

79 

72 













33 

100 

80 

78 

70 





> 








32 

100 

87 

75 

1 

J 













tliormomotor is constantly giiining heat from the sun^s rays, while it loses 
little by radiation, or if it does lose by radiation, gains it again from the air. 

When watery vapour mixes with dry air, the volume of the latter is 
augmented; the weight of a cubic foot of dry air at 60” Fahr. is 536*28 
grains, and that of a cubic foot of vapour at 60” is 5*77 grains ; the conjoint 
weights would be 542*05 grains at 60”, but, owing to the enlaigement of the 
air, the actual weight of a cubic foot of saturated air at 60” is only 532*84. 
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SECTION III. 

BABOMETER. 

A good mercurial barometer is supplied to many army stations ; the scale 
is brass, graduated to 20tli3 or i-tenths on the scale, and is read to ^^ths 
by means of a vernier. There is a movable bottom to tbe cistern, whicli is 
worked up and down by a screw, so ixs to keep tbo mercury in the cistern at 
tlie same level. CornMition for capacity is thus avoided. 

To fix iJui Ihiromvtvr. — Choose a place with a good light, yet protected 
from direct sunlight and rain ; lix the frame sent Avith the barometer very 
carefully with a iiliunb-lino, so as to have it exactly perpendicular; then hang 
the baromehir on tln^ hook, and adjust it gently by meiiiis of the thrt^,e screws 
at the bottom, so that it hangs truly in the centre. Test this by the plumb- 
line (a 4 oz. weight ticid to a string will do), and then unscrew the bottom of 
the cistern till the; ivory point is seen. 

Before lixing the baromcAer the bottom should be unscrewed till the 
mercury is two or three inchtis from the top; the barometer should be suddeidy 
inclined, so as to let the mcjrcury fall against the top ; if there is no air it will 
do this with a sluup click; if thci*e be air there is no click; in that case 
turn the barometer upside down, and tajj the side forcibly till you see tlie 
globule of air passing \;p the tube through the mercury into the cistern. T)o 
not }){) afraid of doing this ; if the screw at the bottom be not too far iinscre\ved 
tliere is no dangcir of any damage to the instrument. 

lieadimj of Ikirornelar, — Head the attached thermometer lij\st ; theji adjust 
the cistern, so that tlie ivory point, jierceptible through the glass -wall of the 
cistc^rn, seems just tf^ touch the point of tlio imago in the mercury.* Then 
adjust the vernier, so fus to cut olf the light from the top of the mercury. 
Then read the scale with the bottom of the vernier. 

I have found that a little difficulty is expcuieiiced in understanding the 
vernier by those who are not accustomed to such instriniumts. It will he, 
probably, comprfdiended from a little description, read with the instrument 
hefor(i us. On thi? scale of the barometer itself, it will he seen that the 
smalhist divisions correspond to half-tenths ; that is, to 
( =* *05). Th(i height of the mercury can he read so far on the scale itself. 
The vernier is intended to enable us to read the amount of space the top of 
the merciiry is aliovo or beloAV one of these half-tenth lines. It will 
be observed that the viirnier is divideil into twenty-five lines ; hut on adjusting 
it, so that its lower-line con*espoiids with a line indicating an inch, it will he 
seen that its twenty-five divisions only equal twenty-four half-tenth divisions 
on the scale. The rcisult is, that each division on the vernier is th less than 
a half-tenth division on the scale. One .,\th of a half-tenth is of an 

inch (*05 25 = *002 inch). 

This being understood, adjust the vernier so that its lowtd line accurately 
corresponds to any lino on the scale. It will then he seen that its lowest 
line hut one is a little distance below (in fact, *002 inch) the next line on the 
fixed scale. BaLsc ]iow the vernier, so that its second line shall coiTespond to 
the*, line on the scale, to which it was a little below ; and of course the bottom 
of the vernier must he niised *002 inch above the lino it first corresponded 
with. If the next line, the third on the veriiitjr, be made to correspond with 
the line on the scale just above it, the bottom of the scale must be raised 
double this (*004 inch) above tbo line it was first level with ; if the next line 
on the vernier he made to corrtjspond with a line on the scale, the scale is raised 
•006, and so on. Each division on the vernier - equals *002 inch, and each 
five divisions e<iuals i J j^th, or -01 incL 
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The barometer is road thus. The vernier being adjusted to the top of the 
mei’cury, read on the smla to the half-tenth ; then look above, and seci wliat 
line on the vernier corresponds exactly to a lino on the scale. Then read the 
number on the vernier, counting from the bottom ; multiply it by *002, and 
the result is the number of liundredths or thousandths of an inch the toj) of 
the mercury is above the half-tenth line next below it.* Add this number to 
that already got by direct reading of the fixed scale, and the result is the 
height of the mercury in inches and decimals of an inch. 

Gomuitions for the Barometer , — The barometer supplied to military stations 
re(|uires no correction for capacity. There are two constant cornictions for 
all barometers, vk., capillarity and index error. The first do|>ends on the 
size of the bore, and whether the mercury has becm boiled in the tuT)e or not. 

Tlio error for cajiillarity is notified by the maker. Index error is deterjuined 
by comparison with a standard barometer. It is indicated by the malcer, and 
is constant by the same barometer. The index and capillarity eiTors are put 
tog(:>ther. The capillarity error is always additive? ; the ind(?x (iiTor may he 
subtractive or additive ; the two together form a constant cpiantity. TJie 
certificates furnished by the Kew Observatory, for all barometers verifieel 
there, include the corrections above mentioneel. 

Con'ecUon for temperature . — The barometer is always registered as if the 
teinpemtui’e of the mercury were 32'* Falir. If the teniperuture of the 
mercury be above tliis, the Jiiotal expands, and reads higher than it would do 
at 32°. The amount of expansion of mercury is -OOOlOOl of its bulk for 
each degree; but the linear expansion of the brass. scale must he also con- 
sid(?red. 

SchuiTiac]ier\s formula is used for the corn^ction — viz., 
li. = ol)served heiglit of barometer in inches. 

^ = temperature of attache<l thermometer (lahr.). 
w = expansion of mercury per degree — ^viz. '0001001 of its length at 32". 
6* = linear expansion of scale — viz, *00001041 ; normal tomperatiue 
hoiug 62°. 

m(if-32°)-« (f-62°) 

To facilitatf? the coiTCction for temperature, tables are given in I^lr 11. II. 
Scott’s “ Instructions in tlio Use of Aleteorological lustruinont-s,” wliich is 
distributed to medical oflicers. 

Correction for Sea-Levd . — As tlie mercury falls about (’001 inch)t 
for every foot of ascent, this amount multiplit?d by the number of fi?(?t must 
be added to the height, if the place be above soa-leveLJ The temperature of 
the air has, however, also to bo taken into account if great accmacy is 
required. 

When all these corrections have been made, the exact height of the 
mercury represents the conjoint weights of the oxygen, nitrogen, carbonic 
acid, and watery vapour of the atmosphere. It is difficult to si?parate tliese 
several weights, and the late observations, which show that the humidity 
existing at any place is merely local, and that vapour is most unecpially dillused 
through the air, render it quite nnceitaiii what amount of the mercury 

* Instead of iniiltinlying the number on the vernier by *002, a littip practieo will enable the 
calculation to be made at once. On the veniier will be seen the figures 1, 2, 3, 4, and 5 ; cor- 
responding to the 5th, 10th, 15th, 20th, ami 25th lines, and indicating *01, *02, *03, *04, or *05 
inen. IQach line between these numbered lines equals *002 inch. 

+ The exact amount is a little below this, but varies with altitude ; at sea-level the amount 
is *000886 for every foot of ascent. See measurement of heights by ban^meter. 

t For tlie British Isles, the mean seo-level at Liverpool has been selected by the Ordnance 
Survey as their datum. . . 
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is supported by the watery vapour. Yet that ttis has a considerable elfect in 
altering the barometric height, particularly in the tropics, seems certain 
(Herschel). 

The h(?ight of tlie 1)aromotor at sea-level clitFers at difFeroiit parts of the 
earth’s surface; being less at the equator (29*974) than on either side at 30^* 
N. and S. lat., and lessening again towards the j^oles, especially towards the 
south, from 63" to 74" S. hit., where the depression is upwards of an inch. 
It differs in diflerent places also according to their geograjdiical position and 
their height above sea-level. Like the thermometer, it is subjected to diurnal 
and annual j)eriodic changes and to non-periodic undulations. 

In the tro])ics the diurnal changes are very steady ; there are two maxima 
and two minima ; the first maximum is about 9am.; tin? first minimum about 
3 to 4 P.M. ; the second maximum at 10 p.m. ; the second minimum at 4 a.m. 
These changes are, perhaps, cliiefly dependent on the 'watery vaj>our (Herschel). 
In tins country the diurnal range is less; it falls from midnight to about 4 to 
G; rises till 11, and falls again till 4 or 6 ; then rfses till midnight. The 
undulations dep<md on the constantly shifting cuneiits of air, rendering the 
total amount of air over a place hea'vic^r or ligbkT. The wind tends to pass 
towaitls tlic locality of least barometric pressure. In this country the 
barometer falls with the south-west 'winds ; rises with the north and east ; the 
former arc moist and warm, the lattcvr dry and cold winds. 

The isobarometric, lines are the lines connecting places from the same mean 
annual height of barometer. 

Miiamreimnt of Hcvjhts , — The barometer falls when heights are ascended, 
as a certain weight of air is left below it. The diminution is not nnifonn, 
for the higher the ascent the less weighty the air, and a greater and greater 
heiglit must be ascended to depress the barometer one inch This is illustrated 
by the following table : — * 


To lower from 31 inches to 30= 857 feet must be ascended. 


11 

30 

11 

29= 886 

11 

29 

11 

28= 918 

)) 

28 . 

11 

27= 951 

11 

27 

11 

26= 986 

11 

26 

11 

25 = 1025 

11 

25 

11 

24 = 1068 

11 

24 

>5 

23 = 1113 

11 

23 

11 

22 = 1161 

11 

22 

11 

21 = 1216 

11 

21 

11 

20=1276 

11 

20 

11 

19 = 1341 

11 

19 

11 

18=1413 


>> 

>? 

>> 

17 

17 

11 

11 

11 

11 

11 

11 


The measurements of heights in this way is of great use to mcdicral officers ; 
the aneroid barometer can be used as high as 5000 feet, and a delicate instru- 
ment will measure as little as 4 feet, llie now pocket aneroids will measure 
up to 12,000 or 14,000 feet. 

A great number of 2 )]ans are in use for calculating heights. It can be done 
readily by logarithms, but then medical officers may not possess a table of 
logarithms. 


* The heigJit can be taken readily from this table, by calculating the number of feet whicli 
must have been ascended to cause the observ'ed fall, and then making a coiTection for tempera- 
ture, by multiplying the number obtained from the table, which may be called A, the 
formula {t is the temperature of the lower, and If of the upper station). 
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The simplest rule of all is one derived from Laplace's formula. Mr Ellis* 
has lately stated this formula as foUows : — Multiply the diBbrence of tlie 
barometric readings by 52,400, and divide by the sum of the baroim^tric 
readings. If the result be 1000, 2000, 3000, 4000, or 5000, add 0, 0, 2, 6, 
14, respectively. Substract 2J times the diHbrence of the temperatui*es of 
the mercury. Multiply the remainder by a number obtained by adding 836 
to the sum of the temperatures of the air, and dividing by 900. A correction 
must also be made for latitude, which can be done by Table III. p. 461. 

Tables such as those given by Delcros and Oltmanns are very convenient 
for estimating heights by the barometer. A table less long than "these, but 
based on the same principle, has been given by Negretti and Zambra intlieir 
useful work,t and as it is the easiest formula I know, I liave copied it. 

A good mercurial barometer, with an attached tliermometer, or an aneroid 
compensated for temperature, and a thermometer to ascertain the tcmj)eratnre 
of the air, arc requhed. Two barometers and two thermometers, wliich can 
be observed at the same moment at the upper and loAver stations, an? desii\al)h?. 

Supposing, however, there is but one barometer, take the hiuglit at the 


Table L — Approximate Height due to Barometric Pressure, 


Inches of 
Barometer. 

Feet. 

Inches of 
Barometer. 

Feet. 

Indies of 
IJaroincter. 

Feet. 

31 -0 

0 

27-3 

3,323 

28-6 

7,131 

30*9 

84 

•2 

3,419 

*5 

7,242 

•8 

109 

•1 

3,515 

*4 

7,353 

•7 

254 

27*0 

3,612 

*3 

7,465 

••6 

339 

26*9 

3,709 

*2 

7,677 

•5 

42.5 

•8 

3,806 

*1 

7,690 

'4 

511 

•7 

3,904 

23*0 

7,803 

•3 

597 

•6 

4,002 

22*9 

7,917 

•2 

683 

•5 

4,100 

*8 

8,032 

■1 

770 

*4 

4,199 

•7 

8,147 

30-0 

857 

•3 

4,298 

•6 

8,262 

29-9 

944 

•2 

4,398 

*5 

8,378 

*8 

1,032 

•1 

4,498 

*4 

8,495 

•7 

3,120 

26*0 

4,588 

'3 

8,612 

•6 

1,208 

25 '9 

4,699 

•2 

8,729 

•5 

1,296 

•8 

4,800 

*1 

8,847 

•4 

1,385 

•7 

4,902 

22 0 

8,966 

•3 

1,474 

•6 

5,004 

21*9 

9,085 

•2 

1,563 

*5 

5,106 

*8 

9,205 

•1 

1,663 

*4 

5,209 

*7 

9,326 


1,743 

' *3 

6,312 

*6 

9*446 

28*9 

1,833 

■2 

5,416 

*5 

9,567 

•8 

1,924 

•1 

6,519 

*4 

9,689 

•7 

2,015 

25*0 

5,6*23 

*3 

9,811 

•6 

2,106 

24*9 

5,728 

*2 

9,934 

•5 

2,198 

•8 

5,833 

•1 

10,058 

•4 

2,290 

*7 

5,939 

21*0 

10,182 

•3 f 

2,382 

-6 

! 6,045. 

20*9 

10,307 

•2 

2,475 

*5 

6,1.52^ 

*8 

10,432 

•1 

2,568 I 

•4 

6,269 

•7 

10, .558 

28*0 

2,661 

•3 

6,366 

•6 

10,684 

27-9 

2*754 

■2 

6,474 

*6 

10,812 

■8 

2,848 

•1 

6,582 

•4 

10,940 

7 

2,942 

24*0 

6,691 

*3 

11,069 

•6 

3,037 

23*9 

6,800 

*2 

11,198 

*6 

3,132 

•8 

6,910 

*1 

11,328 

27-4 

3,227 

23*7 

7,020 

20*0 

11,458 


* Proceedings of Royal Society, 1865, No. 75, p. 283. 
f A Treatise on Meteorological Instruments, by Negretti and Zambra, 1864. 
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lower station, and correct for temperature to 32®, accordinjy to the table given 
at page 425. Take the temperature of the air. Ascend as rapidly as possi1>lo 
to the upper station, and take the height of the barometer (correcting it to 
32®) and the temperature of the air ; then use the following tables, taken from 
^N’egretti and Zam bra’s work. If the height is less than 300 feet. Tables II., 
III., and IV. need not be used. 

“Table I. is calculated from the formula, height in feet = 60, 200 (log. 
29*922 — log. i^) + 925; where 29*922 is the mean atmospheric prossiire at 
32® Fahr., and at the mean sea-lovel in latitude 45® ; and B is any other 
barometric pressure ; the 925 being added to avoid minus signs in the table. 

“ Table II. contains the correction necessjiry for the mean temperature of 
the stratum of air between th(3 stations of observation ; and is computed from 
liegnault’s co-elhciont for the expansion of air, which is *002036 of its volume 
at 32® for each degree above that himperature. 

Table, III. is tlio correction due to the difForenco of gravitation in any 
other latitude, and is found from the formula, x = 1 + *00265 cos. 2 Ifit. 

“Table IV. is to correct for the diminution of gravity in ascending from 
tlie sea-level. 

“ To use those tables : Tlio barometer readings at the upper and lower 
stations having been corrected and reduced to temperature 32® Fain*., take 
out from Table I. the nuiiibers op[)osite the coiTected readings of the two 
barometers, and subtract the Iowgy from the upper. Multijdy this dill'erence. 
successively by the factors found in Tables II. and III. The factor fnmi 
Table III. may be neglected unless precision is desired. Finally, add the 
correction taken from Table IV.” (Negretti and Zambra.) ^ 

In the table the barometer is only read to 10 tbs, but it sliould be read to 
lOOtlis (*01) and lOOOtlis (*001), and the number of feet corresponding to 
these amounts calculated from the table, which is easy enongli. 

Table IT. — Co^^'edion dita to Mean Temperature of the Air ; the Tempera- 
ture of the Upper and Loiocr Statiouff being added and divided by 2. 


Mean Temp. 

Factor. 

Mean Temp. 

Factor. 

Mean Temp. 

P'aetor. 

10 ° 

0-955 

35 ° 

1*006 

60 “ 

1 -057 

11 

•957 

36 

1-008 

61 

1-059 

12 

*959 

37 

1-010 

62 

1-061 

13 

•961 

38 

1012 

63 

1*063 

14 

•963 

39 

1-014 

64 

1 *065 

1.5 

•965 

40 

1-016 

65 

1 - 0(57 

16 

•967 

41 

1-018 

66 

1*069 

17 

•969 

42 

1-020 

67 

1-071 

18 

•971 

43 

1 - 0-22 

68 

1 -073 

19 

•974 

44 

1 -024 

69 

1*075 

20 

•976 

45 

1 -026 

70 

1-077 

21 

•978 

46 

1-029 

71 

1*079 

22 

•980 

47 

1*031 

. 72 

1*081 

23 

•982 

48 

1 033 

73 

1-083 

24 

•984 

49 

1*036 

74 

1*086 

25 

•986 

50 

1*037 

75 

1*088 

26 

•988 

51 

3*039 

76 

1*090 

27 

•990 

52 

1*041 

77 

1 *092 

28 

•992 

63 

1*043 

78 

1-094 

29 

•994 

54 

1*046 

79 

1-096 

30 

•996 

55 

1*047 

80 

1*098 

31 

0-998 

56 

1*049 

81 

1-100 

32 

1 *000 

57 

1*051 

82 

1*102 

33 

1*002 

68 

1*053 

83 

1*104 

34 

1*004 

59 

1*056 

84 

1-106 
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Table III. — Conxction due to Diffei'cnce of Gravitation in different 

Latitudes, 


Latitude. 

Factor. 

Latitude. 

Factor. |j Latitude. 

Factor. 

80 ® 

0-99751 

50 ® 

0*99954 

20 ® 

1*00203 

75 

0-99770 

46 

1-00000 

15 

1 *00230 

•70 

0-99797 

40 

1*00046 

10 

1 *00249 

65 

0-99830 

35 

1*00090 

5 

1*00261 

60 

0-99868 

. 30 

1-00132 

0 

1*00265 

55 

0-99910 

25 

1 

1-00170 




Table IV, 


Height in 
Tliousnnd Feet. 

Corrective 
Additive. j 

in 

Thousand Feet, 

CoiTCctive 

Additive. 

1 

3 

9 

26 

2 

5 

10 

30 

3 

8 

11 

33 

4 

11 

12 

37 


14 

13 

41 

6 

17 

14 

44 

7 

20 

15 

48 . 

8 

23 




Example . — At two stations the barometer read respectively 29*9 and 21*2, the teinpi^ra- 
tures of the air being 60® and 40®. 

^ Barometer at upper station, . . 21*2, Table I. , 9,934 

,, lower ,, . . 29*9, ,, . 944 

Approximate mean height, 8,990 

Mean tempemture 50®, Tabic II., Factor .... 1 *037 

Height corrected for tem])er.ature, . . ... . 9,823 

Latitude (say) 30®, Table III., Factor ^)0132 

Height correetod for latitude, .... . 9,335 

Con’cction from 'J'able IV . 26 

Height coiTected for direct altitude, ..... 9,361 

Heiglit of lower station above sea-ievel (say), . . . 1.^0 

Final corrected height of upper station above sea-level, . 


Weight of the Air. — ^TIkj barometer expres.sos the weiglit of the air in 
inches of mercury. The actual weiglit can be determined if the reading of 
tire barometer, temperature, and humidity aiMj all known. 

The weight of a cubic foot of dry jxir at 32'" Fahr., and normal prt^ssure, is 
566*85 grains. For any other temperature the weiglit can be calculated. 
Midtiply tlie co-efficient of the expansion of air (viz., *0020361 for 1° Fahr.) 
by the number of degrees above 32, the sum added to unity will give the 
volume of a cubic foot of dry air at that temperature. Divide 566*85 by tlie 
‘number so obtained. The result is the weight of the dry air at the given 
temperature. ^ 


SECTION IV. 

RAIN. 

Rain is estimated in inches ; that is, the faU of an inch of rain implies 
that on any given are^ say a square inch of surface, rain has fallen equal to 
one inch in depth. The amount of rain is determined by a rain-gauga Two 
gauges are supplied for military stations ; one placed on the ground, one 20= 
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feet above it ; in all parts of the world tlio latter indicates loss rain than the 
lowt?T placed gauge ; the reason of this is not vciy clear, but it api)ears to bo 
partially due to wiu(L 

Several kinds of gauges are in use. The one used by the Army Medical 
Department is a rtuind tin box wdth a rim or groove at the top ; a round top 
with a funnel inside fits on to this groove, which, when filled with water, 
forms a water valve. Tlio opening above is circular (the circle being made 
very carefully, and a rim being (jarried round it to j)revent the rairi-droj)H from 
being whirlcHl by wind out of the moutli), and descends funnel-shaped, the 
small end of tlie funnel being turned u]3 to prevent evajJoratioiL The best 
size for the open top, or in other words, the area of the receiving surface, is 
from 50 to 100 srpiare inches. The lower part of the box is sunk in the 
ground nearly to the groove ; the upper part is then jmt in, and a glass vessel 
is i)laced below the funnel to receive the water.* At stated times (usually at 
9 A.M. daily) the top is taken off, the glass vessfd taken out, and the water 
weighed or mojisurecL The latter is easiest, and is done in a glass vessel 
which is graduated to an inch and hundreths of an inch, and is sent with the 
gauge. Each gauge has its oavii measure. 

If this glass is broken it can be replaced by the following rule, or a rain- 
gauge ciiii be made by any one very easily. It need not be round, though 
this is now thought the best form, but may he a square box of metal or wood, 
and may ho of any size be.tween 3 and 24 inch(3s in diameter, but 5 to 8 is 
tlie most coiiYOuicuit range. 

D(?teninne the ania, in square inches, of the receiving surface, or top of 
the gauge, 1)y careful measurejiient (see Measurement of Kooiiis, chapter on 
Air). This area, if covered witli water to the height of onci inch, worth! give 
us a corresponding amount of cubic inches. This number of cubic inches is 
the measure for that gauge of one inch, because when tlio rain equals that 
(piantity it shows that onij inch of rain has fallen over the whole surface. 

I^(;t us say tlie area of the receiving surface is 100 S(]|iiaro inches. Take 
100 cubic inches of water and jmt it into a glass, put a mark at the height 
of the fluid, and divide the glass below it into lOO equal parts. If the rainfall 
comes up to the mark, one inch of rain lias fallen on each square inch of sur- 
facio ; if it only comes up to a mark below, some amount less than an inch 
(whicli is so expressed in y^^ths and yj^ths) has fallen. 

To get the requisite mnidier of cubic inches of wattjr we can weigh or 
measure. A cubic inch of watt?r at 62" weighs 252*458 gniins, consequently 
100 cubic inches Avill be (252*458 x 100) = 25245*8 grains, or 57*7 ounces 
avoir. Ihit an (iasier way still is to measure the water, — an ounce avoir, is 
equal to 1*733 cubic inches, therefore divide 100 by 1*733, and we obtain the 
number of ounces avoir, which coiTesjxmds to 100 cubic inches. 

Usually a one-inch Jiieiisuro is so large a glass, that half an inch is con- 
sidered monj convenient. 

If sinw falls instead of rain, it must be melted and the resulting water ♦ 
moasmed. Tins may he easily done by adding a measured quantity of warm 
water, and then subtracting the amount from the total bulk of water. 

From tlie table of the weight of vapour already given, it will ho seen tliat 
the amount of vaj)our which can he rendered insensible, increases with the 
terapei-aturo, hut not regularly ; more, comparatively, is taken up by the high 
temperatures; thus, at 40°, 2*86 grains are supported; at 50°, 4*10 grains, or 
1*24 grains more; at 60°, 5*77 grains, or 1*67 gmins more than at 50°. 
Therefore, if two currents of air of unequal temperatures^ but equally saturated 

♦ A glass vessel should uot b© used in winter, for fear of breakage in frost. 
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with moisture, meet in equal volume, the temperature will he the mean of the 
two, but the amount of vapour which will be kept invisible is less than the 
mean, and some vapour therefore necessarily falls as fog or rain. Thus one 
saturated current being at 40°, and the other at 60°, the resultant temperature 
will be 50°, but the amount of invisible vapour will not be the mean, viz., 
4*315, but 4*1 ; an amount equal tD *215 will therefore bo deposite<l. 

Eain is therefore owing to the cooling of a saturated air, ami rain is heaviest 
under the following conditions, — when the temperature being higli, and the 
amount of vapour large, the hot and moist air soon encountem a (jold air. 
These conditions are chiefly mot with in the tropics, when the hot air,* saturated 
with vapour, impinges on a chain of lofty hills over which the air is cold. 
The fall may 1x3 130 to 160 inches, as on the Malabar coast of India, or 180 
to 220 in Southern llm*mali, or 600 at Cherrajjrooiijeo, in the Kliasyah Hills. 
T"ven in our ovni country the hot air from the Gulf Stream imi)iiiging on the 
Cumberland Hills causes, in some districts a fall of 80, 100, and even 130 
inches in the year. 

The rainfall in ilifferent places is remarkably irregular from year to year ; 
thus at Hombay the mean being 76, in 1822 no less than 112 inches, while 
in 1824 only 34 inches fell. 

'Idle amount of rain in the difFerent foreign stations is given under the 
respective headings. 

SECTIOX V. 


EVAPORATION. 

The afnount of evaporation from a given moist surface is a problem of groat 
interest, but it is not easy to determine it experimentally, and no instrument 
•is issued by the Army Medical Department. A shallow vessel of known 
area, j)rotected round the rim by wire to prevent birds . from drinking, is iilled 
with a known quantity of water, and then, weekly or monthly, tlie diminution 
of the water is determined, tlie amount of addition by min being fit tlie same 
time deteiniined by a rain-gauge. This plan takes no notice of dew, and is 
not regarilod as satisfactory. 

Aiiothei* plan is ]jlaciiig water under a cover, which may protect it from rain 
and dew, and yet permit evaporation, and weighing the loss daily. It is 
ilifficiilt, however, to insure that the evapumtion shall bo equal to tliat under 
the free heavens. 

A tliird plan is calculating the rate of evaporation from the depression of 
the wet-bulb thermometer, by deducting the elastic force of vai)oiir at the 
dew-point temperature from the elastic force at the air temperature, and taking 
the difference as expriissing the ovapomtioii. This dilleroricc expresses the 
force of esca})e of vapour from the moist sui-face. 

Instruments termed Atmometers have been used for this piu*pose ; the fimt 
was invented by Leslie. A hall of porous earthenware was fixed to a glass 
tube, with divisions, each corresponding to an ainount of wjiter which woultl 
cover the surface of the hall with a film equal to the thickness of 
of an inch. The evaporation from the surface of the ball was then road off. 
Dr Babington has also invented an ingenions “ Atmidoineter.'^'*^ 

The amount of evaporation is iniiueiiced by temperature, wind, humidity 
of the air, rarefaction of the air, degree of exposure or shading, and by the 
nature of the moist surface ; it is greater from moist soil than from water. 

The amount of vapour annually rising from each square inch of water sur- 

* See Nt'gretti aud Zanibra's Treatise, p. 141, for details. 
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faceiai^iS^ country has been estimated at from 20 to 24 inches; in the 
taropical seas it has been estimated at from 80 to ISO, or even moip inches. 
In the Indian Ocean it has been estimated at as much^ an inch ih^twenty- 
four hours, or 365 in the year, an almost incredible^^ No doubt, 
however, the quantity is very great. ^ % ■ 

; It requires an effort of imagiyj|ation to realise the immense distillation which 
goes on from the tropical seas. Take merely 60 inches as the annual distilla- 
tion, and reckon this in feet instead of inches, and then proceed to calculate 
the weight of the water rising annually from such a sxnM space as the Bay 
of Bengal. The amount is almost incredible. 

This distillation of water serves many great purposes ; mixing with the air 
it is a vast motive power, for its specific gravity is very loV (’6235, air being 
1), and it caiises an enlargement of the volume of air; the moist air is 
therefore much lighter, and ascends with great rapidity ; the distillation also 
causes an immense transference of heat from the tropics, where the evapora- 
tion renders latent a great amount of heat, to the extra-tropical region where 
this vapour falls m rain, and consequently parts with its latent heat. The 
evaporation been supposed to be a great cause of the ocean currents 

(Maury), which play so important a part in the distribution of winds, 
moisture, and warmth. 

For physicians the amount of evaporation is a very important point, not 
merely as influencing the moisture of the air^ abstractedly, but as affecting 
the evaporation from the skin and lungs. Tlie evaporating power of the air 
is inversely to its relative humidity in a still air ; it is of course influenced 
by ’winds and their temperature, and the vessels ami the nerves of the skin 
are then affected, and evaporation may be accelerated by the physiiJal condi- 
tions of motion and warmth, or may bo lessened by the physiological action 
of the wind. The problem is thus a complicated one. (See Climate.) 

SECTION VI. 

WIND. 

Direction . — ^For determining the direction of the wind a vane is necessary. 
It should be placed in such a position as to be able to feel the influence of 
the wind on all sides, and not bo subjected to eddies by the vicinity of build- 
ings, trees, or hills. The points must bo fixed by the compass ; the magnetic 
declination being taken into account ; the declination of the place must be 
obtained from the nearest Observatory; in this country it is now about 21** 
(or two points) to the westward of true north.* The direction of the wind 
is registered twice daily in the army returns, but any unusual shifting should 
receive a special note. The course of tlie wind is not always parallel with the 
earth; it sometimes blows slightly downwards; contrivances have been 
employed to measure this, but the matter does not seem important. 

Various plans are resorted to for giving a complete summary of the winds, 
but these are not required from the medical officer. 

Vdocity.—A. small Eobinson's anemometer is now supplied to each station ; 
it is read every twenty-four hours, and marks the horizontal movement in the 
preceding twenty-four hours. 

This anemometer usually consists of four small cups,t fixed on horizontal 
axes of such a length (1’12 feet between two cups), that the centre of a cup, 

* Thus N. magnetic will be N.N.W. true, S. znametic S.S.E. true, and so on. 

f The current of air is opposed one-fourth more by a concave surface than by a convex one 
' the same size. 
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in revolving a circle, posses over xT^tli of a mile, the circle being 3*52 feet. 
'These cups' revolve with- a third of the wind^s velocity ; 600 revolutions, of 
the cttps therefore indicate one mile. By an arrangement of wheels, the 
nlimber of miles traversed by the cups in any given time is registered. 

' Osier's anemometer is a lai^ and very beautiful instrument. It registers 
at the same time on a piece of paper fitted on a drum, which turns with 
clockwork, direction, velocity, and pressure. 

Other anemometers, Lind's, Wheweirs, &c., need not be described. 

The average velocity of wind in this country on th^ surface of the earth is 
from six to eight miles per hour ; its range is from zero to 60 or even 70 
miles- per hour, but this last is very rare ; it is seldom moie, evenjin heavy 
winds, than 35 to 46 miles per hour. In the hurricanes of the Indian and 
China seas it is said to. reacjh 100 to 110 miles per hour. 

Force , — The fort^ of the wind is reckoned as etj^ual to so many pounds or 
parts of a pound on a square foot of surface. Osier’s anemometer registers 
the force *08 well as the velocity and direction, but Ilobinson's /used ip. the 
army) only marks the velocity ; the force must then be calculated. The rule 
for the calculation of thelforco from the velocity is as follows : — 

Ascertain the velocity fot one hour by observing the velocity for a minute, 
and multiplying by 60 ; then square the hour velocity and inidtiply by *005. 
The result is the pressure in pounds or parts of a pound per square foot. 

The formula is, if V = velocity per hour, 

V‘^ X 005 =P. 

If the force be given, the velocity may be found : 

" yiooT=v. 

When no anemometer is in use, the Bo«aufort scale may bo employed, 0 = 
calm, about 3 miles an hour, — ^and 12 = huiTicane, 90 miles and over. 


SECTION VII. 

CLOUDS (Plate IX.) 

♦ 

The nomenclature proposed by Howard* is now universally adopted. 

There are three principal forms and four modifications. 

Principal Forms. 

Cirrus . — ^Thin filaments, which by association form a brush, or woolly hair, 
or a slender net-work. They are very high in the atmosphere, probably more 
thiin ten miles, but the exact height is unknown. It has even been questioned 
whether they are composed of water ; if so, it must be frozen. In this climate 
they come from the north-west. 

Cumulus.— Hemispherical or conical heaps like mountains rising from a 
horizontal base ; cumuli are often compared to balls of cotton. 

Stratus. — widely-extended, continuous horizontal sheet, often forming at 
sunset 

Modificaiions. 

Oirro-cvMulvs . — Small rounded, well-defined masses, in close, horizontal 
arrangement ; when the sky is covered with such clouds it is said to be fleecy. 

Oirro-straius . — Horizontal strata or masses, more compact than the cirri ; at 


Cliaiate of London. 
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the zenith they seoni composed of a number of thin clouds ; at the horizon 
they look like a long naiTow band. 

Cirro-stratus blended with the cumulus. 
Cunmlo-cirro-stratus^ Nimhu.% or Hant-cloutl^A horizontal sheet above 
which the cirrus spreads, while the cumulus enters it laterally or from b(?loAV. 

Of the above forms Nos. 1, 2, & 3 of the plate (copied by permission from 
Mr’ Scott’s “ Instructions ”) are “ upper ” clouds : the others are “ lower ” 
clouds. To those described is added the form shown in No. 5, viz., lioU- 
aimulm^ which consists of poi’tions of cumulus rollt^d into a cylindrical shape, 
and either separate or packed together, as shown in the plate. Alongside the 
names i]i the plates are contractions, which ought to be used in description. 
Estimation of Amount ofCUmd, — This is done by a system of numl)ers- 0 
expresses a cloudless sky, 10 a perfectly clcuded sky, the intermediatii num- 
l)ers various degTces of cloudiness. To get thcjso numbers, look mid^vay 
between the horizon and zenith, and then turn slowly round, and judge as W(ill 
as cmi be dpne of the relative amount of clear and cloud (id sky. ^J'his is to 
be entered without reference to the thickness of the cloud : the latter may be 
indicated ])y an exponent applied to the figure for the amount of cloud (0 
slight, 2 gi’cat). 


SECTION VIII. 

OZONE.* 

The nature of ozone has been already referred to (p. 442). V 

Papers covered with a composition of iodide of potassiuni and statch, and 
exposed to tlie air, are supposed to indicate the amoiuit of ozone* ])resent in 
the atmosj^herc. Schonbein, the discoverer of ozone, originally i)repai‘ed such • 
papers, and gave a scale by which tlie depth of blue tint was estimated. Sub- 
sequently similar but more sensitive paptjrs were prepared by Dr MoHat, and 
lat(dy Mr Lowe luis improved Moliat’s pa^jers, and hits also prepared sonn*. 
ozone powders. ' * 

The papers are exposed for a definite time to the air, if possilde with tlie 
exclusion of light, and the alteration of colour is coiii[)ared witli a sKial(\ 

Schonbein’s proportions m’e — 1 part oijjiire iodide uf potassium, 10 parts 
starch, and 200 parts of water. Lowe’s proportion is 1 j>art of iodiihi to 5 
of starch ; Mofiiit’s proportion is 1 to 2 J. The stai’ch should be dissolved in 
cold water, and filtered so that a clear solution is obtained ; the iodide is dis- 
solved in another portion of water, and is gradually added. Both must be 
perfectly pui’c ; the best arrowroot should be used for standi. 

The ])aper jirepared by being cut into slips (so as to dry quicker and to 
avoid loss of the iiowder in cutting) and soaked in distil hid water, is placed 
in tlie mixed iodide and starch for four or five hours, then removcjd with a 
pair of pincers, and slowly dried in a cool dark place, in a horizontal i>osition. 
The last point is important, as otherwise a large amount of tlie iodide drains 
down to one end of the paper, and it is not equally diffused. The papers 
when used should hang loose in a place protected from the sup and rain : a 
box is unnecessary ; they should not be touched more than can bo helped 
with the lingers when they aie adjusted. 

When Schdnbein’s papers are used they are moistened with water after ex- 
posure, but before the tint is taken. Moffat’s papers are prepared somewhat 

* For a full account of the tests for ozone, see Dr Fox's work on Ozone and Antozone, 1873, 
already refeired to. After discussing all the tests, he gives the preference to the iodine plan. 
He has not found Schdnheiu’s thallium method satisfactory. 
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similarly to Sclionbeiii's, but do not require moistening with water. Mr Lowe 
has lately jirepared some very sensitive papers wliicjh give very uniform results. 

The estimation of ozone is still in a very unsatisfactory state, and this arises 
from two circumstances. 

1. The fatit that other substances besides ozone act on the iodide of 
potiissium, especifilly nitrous acid, which is formed in some quantity during 
electrical storms. Cloez has shown that air taken about one metre above the 
ground often contains nitrous acid in sulhcient quantity to redden litmus. 
Starch and iodide paper is coloured when air contains *00005 of its volume of 
nitrous acid. 

2. The fact that the papers can scarcely be put under the sajne conditions 
from day to day ; light, wind, humidity, and temperature (by expelling the 
free iodine) all allect the niaction. 

(Chemical objections have also been made.* Supposing that iodine is set 
free hy ozoik.*, a portion of it is at once changed by additional ozone into 
iodozone, which is extremcdy volatile at ordinary t(?mperaturo8, and is also 
changed hy contact with water into free iodine aiid iodic a(;id. Hence a por- 
tion of the iodine originally set free never acts on the shirch, Ixjing either 
volatilised or oxidised. Again, the iodines and caustic potash set free hy the 
ozone combine in part again, and form iodato and iodide of potassium (Jth of 
the former and ^ths of the latter), and in this way the blue colour 
of iodid(i of starch first produced may be removed. The ozone may 
jjoKsibly, and probably, act on and oxidise the starch itself, and hence another 
eiTor. * ’ 

The conclusion arrived at by the Vienna congress was the following; 
“ The e^fistingmetliods of deti'riiiining the amount ofozoiio in the atmosphere 
are insufficiemt, and the congi’css tliercfore recommends investigations for the 
discovery of better methods." 

SECTIOJf IX. 

ELECTRICITY. 

The instrunKUits used by meteorologists aix) simple iilectroscop(‘s, witli two 
gold-leaf picc<‘S which diverge when excited, or dry galvanic? piles acting on 
gold-leaf plates or an index attached to a Leyden jar (Thomson's Electrometer). 
Eor furtlKU* details see Scott’s “ Instructions," op, cit 

SECTION X. 

THERMOMETER STAND. 

A stand is issued hy the War-office, and will be provided at every station. 
Or it would be very easy to make a stand by two or three strata of hoards, 
placed about 6 inches apart, so as to fonn a kind df sloping roof over the ther- 
mometers, Avhich are suspejided on a vertical board. 

The dry and wet bulb thermometers are placed in the centre ; the maximum 
on the right side, and the niiiiiinum on the left. The wood should ho cut 
away behind the bulbs of the maximum and minimum thermometers, so as to 
expose them freely to the air. The bulbs of the dry and wet bulbs should 
also fall below the board. In the regular stands, the polo is made to rotate, 
so as to turn the roof always to the sun. 

A much better stand is Stevenson's serden, a square or oblong box, with 

* Beitrage zur Ozonometrie, von Dr v. Maach ; Archiv. fiir Wiss. Heilk. band. ii. p. 29. 
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louvred sides and open below. This is raised upon legs four foot from tho 
ground, placed upon grass. (See Scott’s “Instructions, ” fig. 10, p. 41.). 

SECTIOIf XL 
WEATHER. 

In registering the kind of weather it is well to adhere to the Hc^aufort nota- 
tion and symbols, which are CLirefully explained in Scott’s “ Instructions.” 
Columns are given in tho return to be filled up in this way. 

SECTION XIL 

DISEASES AND VARIATIONS IN THE METEOROLOGICAL 

ELEMENTS. 

Tho variation in the prevalence of different diseases at a particular place, 
in coniKiction with tho simultaneous variation of metc^orological el omenta, is 
an old inquiry which has at j>resent led to few results. Tho reason of this is, 
that the meteorological elements are only a few out of a great nuiny causes 
affecting the prevalence and severity of diseases. Consequently, in order to 
estimate the real value of changes of temperature, pressure, humidity, ozone, 
&c., the other cau^e^ of disease, or of variations in pi’evalonce or intensity, 
must be recognised and eliminated from the inquiry. I'he best of the late ob- 
servations are those by Guy, Ransome, Vernon, Moffat, Tripe, Seoresby- 
Jackson, and Ballard.* The observations of the last-named obsorvdt are very 
elaborate and careful, but I hesitate to cite them as certain until they are con-* 
firmed. They indicate a rise in the amount of sickness with a rise in tempera- 
ture, but that certain supplementary meteorological conditions (such as tho 
temperature of the night, tho daily range, variations in humidity, rainfall, 
direction of wind), all affect tho result. The amount of previous change in 
the amount of sickness also influences, and in fact it is evident that the 
problem is in a high degree complicated. 


* Mcdico-Cliirurgical Transactions, vol. i. p. 50. 
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INDIVIDUAL HYGIENIC MANAGEMENT. 

This subject is an extremely large one, and the object of this book does not 
allow me to discuss it. It would require a volume to itself. I can merely 
here make a few very general remarks. The application of general hygienic 
rules to a i)articular case constitutes individual management. 

It is imjiossible to make general rules sufficiently elastic, and yet precise 
enough, to meet every possible case. It is sufficient if th^y contain principles 
and precepts which can be applied. While individual hygiene should be a 
matter of study to all of us, it is by no means desirable to pay a constant or 
minute attention to oiie*s own health. Such cai*e will defeat its object. We 
should only exercise that reasonable care, thought, and prudence which, in a 
matter of such moment, every one is bound to take. 

Every man, for examjde, who considers the subjecty5®«d fide^ is the best 
judge of the exact diet which suits him. If he understands the general prin- 
ciples of diet, and remembers the Hjp|X)cratic rule, that the amount of food 
and exer^is(3 must be balanced, and that evil results from excess of either, he 
is hardly likely to go wrong. 

“ Temj)erance and exercise,** was the old nile laid down, even before 
Hippocrates,* as containing the essence of health; and if we translate temper- 
aiujo by sufficient food for wants, but not for luxuries,** wo shall express 
the pnjsent doctrine. 

The nutrition of the body is so affected by individual peculiarities, that 
there is a considerable variety in the kind of food taken by different persons. 
The old rule seems a good one, viz., while conforming to the general principles 
of diet, not to encourage too great an attention either to quantity or to quality, 
but avoiding what experience has shown to he manifestly had, either generally, 
or for the particuhir individual, to allow a considerable variiity and change in 
amount fivmi day to day, according to apimtite.f Proper and slow mastication 
of the food is necessary ; and it is cxtraonlinary how many affections of the 
stomach called dyspepsia arise simply from faulty mastication, from deficient 
teeth, or from swallowing the food too rapuJly. Many persons who are too 

* It is quite plain from the context, that Hippocrates, by temperance, meant such an amount 
of food as would balance, and neither exceed nor fall short of the exercise. He had a clear con- 
ception of the .development of mechanical force from, and its relation to, food. Ho l[w.s down 
rules to show wlien the diet is in excess of exercise, or the exjprcise in excess of diet. In either 
case he traces disease. 

+ Celsus carried the plan of variety so far as to recommend that men should sometimes eat 
and drink more than is proper, and should sometimes not exceed; and Lord Bacon has a 
remark which leads one to believe he held a similar opinion ; but there can be no doubt of the 
incorrectness of this opinion. It has been truly said that the firat general rule of Hippocrates, 
which prescribes contuiual moderation, is much truer, and the Ijest writers on hygiene, ancient 
and modem, have decided against Celsus. Besides being erroneous, the rule of Celsus opens a 
door to intemperance, and, like a harmless sentence in Hippocrates, has been twisted to serve 
the alignment of gourmands. Its influence is felt even at the present day. This much is 
certain, that probS^ly 80 per cent, of the persons who consult physicians owe their diseases in 
some way to lood, and in many cases they are perfectly aware themselves of their error or bad 
habit, but, with the singular inconsistency of human nature, either conceal it from the man to 
whom they are professing perfect openness, or manage to blinl themselves to its existence. 
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thin aro so from their omi habits ; they cat chiefly meat, and eat it very fast ; 
they should eat slowly, and hike more bread and starchy substances. Fat 
l>ersons, on the other haml, by lessening the amount of starch, and taking 
more exercise, can lessen with thcj greatest ease the amount of fat to any 
amount. It must be remembered, however, that tliere is a certain individual 
conformation in this respect ; some persons aie normally fatter or thinner thtin 
others. 

The exact amount of exercise must also be a imitter of individual tlecision, 
it being remembercMl that groat exercise in the free air is a paramount condition 
of health, tind that the healthiest persons arc thosci who have most of it. As 
a rule, persons take far too little exercise, especially educated women, who are 
not oblig(>d to work, and the muscles are too ofhui flaccid and ill-nourished.* 
Attention to the skin is another mattei of personal hygiene. The skin 
must be kept perfectly clean, and well clothed. Some writers, indeed, have 
advised that, if food be plentiful, few clotlies be worn; but the best 
authors do not agree in this, but recommend the surfacx'. to be well protected. 
For cleanliness, cold bathing and friction hold the first rank. The effect of 
cold is to improve apparently the nutrition of the skin, so that it afterwards 
acts more readily, and when combined with friction, it is curious to seii how 
the very colour and texture of the skin manifestly improve. 

Tlie effect of heat on the skin, and especially the fiction of the lioman or 
Turkish baths, and their action on health, have c(?rtai]ily not yet beim properly 
worked out, in spite of the numerous papers wliich have bei>n written. It 
has not been proved that the strong action of the Turkish bath is more 
healthy in the long run than the ai)plication of cold water. As a curative 
agent, it is no doubt extremely useful ; hut as a ilaily custom, it is*' yet sub 
j'udice, Certaiidy it should not be used without the concluding application 
of cold to the surface. * 

Attemtion has been often very properly directed to the effect of lead and 
mercurial hair-dyes. It may be worth while to notice that there is a (;asc on 
recordf in which not only was paralysis produced by a lead hair-wash, but 
lead was recovered from the base of the left hemis2)here of the brain. »Snulf 
containing lead has also caused poisoning. 

The care of the bowels is another matter of personal hygiene, and is a matter 
of much greater difficulty than at first sight appoai-s. Constipation, as 
allowing food to remain even to decomposition, as leading to distention and 
sacculation of the colon, and to haemorrhoids, is to ho avoided. Eut, on the 
other hand, the constant use of purgative medicine is destructive of digestion 
» and proper abwrption 3 and the use of clyshirs, though less hurtful to the 
stomach, and less objectionable altogether, is by no mefins desirable. On the 
whole, it would seem that proper relief of the bowels can he usually insured 
by exercise, and especially by bringing the abdominal muscles into play, and 
by the use of certain articles of diet — ^viz,, piii-o water in good quantity with 
meals, the use of bran bread, lioney, and suiJi gently laxative food ; and that 
if these do not answer well, it is better to allow a certain amount of constipa- 
tion than to fall into tlie frequent use of piu'gative medicines. 

The regulation of th(5 passions must also be left to the individual. The 
control of morals has battled the exertions of the priest and the statesman ; 
but perhaps the influence of sexual irregularities on hefilth has never been 

* Compare the imperfect development of the muscles of the arms in ladies, as shown hy the 
low evening dresses, with the women of the working classes. No one can doubt which is 
wealthiest or which is the most beautiful, imtil excess of work develops in the muscles of the 
labouring women the too hard outlines of middle life, 
f Virchow's Archiv, band Yiii. p. 177. 
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made tlie subject of judicious education. The period of puberty coiTesponds 
witli the most imporUint period of growth, when the bones are consolidating 
and uniting, and both muscles and nerv^es are laigoly absorbing nourishment, 
and are developing to their fullest power. The too early use of sexual (jo]i- 
giosa, and oven more the drain on the system produced by solitary vice, ai’rests 
this flevelopment to a considerable extent, and pnivents the attainment of the 
strength and endurance which would insure a healthy, vigorous, and happy 
life. The venereal dis(Mises, which so waste many of the younger men, form 
only an item in the catalogue of evils — evils which affect at a subsequent 
period wives and children, and by undermining the health and ha})piness of 
the family, influence the state itsedf. We know that a* wide-spread profligacy 
has (*aten away the vigour of nations, and caused the downfall of states ; but 
we hardly recognise that, in a less degree, the same ctiuses are active among 
us, and never realise what a state might be if its citizens were temperate in 
all things. It may be difficult to teach those points to the young, and to urge 
uj)OU them, for their own and other's sakes, the regulation of the passions 
wliich physiology teaches to bo necessary for ix^i’sonal hapi)iness, for the 
welfare of the offspring, and for healthy family life; but I tbink few can 
doubt that, in some way, the knowledge should ho given. 

The amount of mental work, and the practice of geiKUul good temper and 
chcierfulness aiul hope, are other points which each man must himself conti*oL 
Great mental work can be borne well if hygienic priuciidcs of diet, exercise, 
&c., be attended to. The old authors paid great attention to the regimen of 
men engrossed in literary work, and laid down particular rules, insisting 
especially on a very careful and moderate diet, and on exercise.* 

Hope and cheerfulness are great aids to luialth, no doubt, from their effect 
on digestion. Usually, too, they arc combined with a quick and active 
tcniperciment, and with rapid bodily movemients and love of exercise. 

The individual application of general liygienic rules will differ acconling to 
the sex and age,t and the circumstances of the pei*son. In the case of 
children, we have to apply the general niles with as much caution and care as 
possible, iis Wo must depend on external evidence to pmve their utility. In 
the case of adults, individual experience soon shows whether or not a pre- 
scribed rule is or is not beneficial, and vduit modification must be made in it. 
It is not, however, every grown j)erson who has the power to modify or 
change his condition. He may bo under the influem^e of others who, in. fact, 
arrange for him the circumstances of his life. But still, in no case is all self- 
control taken away; the individual can always influence the conditions of 
his own health. 

Were the laws of health and of physiology better undefstoocl, how great 
would be the effect ! Let us hope that matters of such great moment may 
not always be considered of less importance than the hinguages of extinct 
nations, or the unimportant facta of a dead history. 

* Plutarch, whoso rules on health are excellent and chiefly taken from Hippocrates, comimres 
the over-stutUous man to the camel in the fable, who, refusing to ease tlie ox in due time of his 
load, was forced at last to carry not only the ox's own load, but the ox himself, wlieu be died 
under his burden. 

t Galen was the firat who pointed out explicitly that hymenic rules must different for 
infancy, youth, nianliood, and old age— a fourfold division wliich is still the best. Pythagoras, 
Tccus, Herodious, Hippocrates, Polylius, Diodes, Celsus, and others who pieceded Galen, appear 
to have framed rules chiefly for male adults. Galen sub-divided the suhje<^t much more sys- 
tematically, (For a good diort account of the early systems, see Mackenzie on The History 
of Health, and the Ai*t of Preserving it, 1758.) 
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DISPOSAL OF THE DEAD. 

In densely populated countries the disposal of the dead is always a ques- 
tion of difliculty. If the dead are l^uried, so groat at last is the accumula- 
tion of bodies that the whole country fog^idi^ great city becomes gradually a 
vast cem(itery.* In some soils the deconl^aition of bodies is very slow, and 
it is many years before the risk of impurities passing into air and water is va- 
moved. 

After death the buried body return>s to its elements, and gradually, and 
oftmi by the means of other forms of life which prey on it, a Lirge amount of 
it forms carbonic acid, ammonia, sulphuretted and cfirburetted hydrogen, 
nitrous and nitric .acids, and various more complex gaseous products, many 
of which arc very foetid, but which, however, ani eventually all oxidiscjd into 
tlio simpler coml)inations. The non-volatile substanccjs, the salts, become con- 
stituents of the soil, pass into plants, or are carried away into the water per- 
colating through the ground. The hardest parts, the hones, remain in some 
soils for many cimturies, and even for long periods retain a portion of their 
animal constituents. 

If, instead of being buried, the body is burned, the same process occurs 
more rapidly and with diileront combinations ; carbonic acid, carbonic oxide (?), 
nitrogen, or perhaps coml)inations of nitrogen, wah^r, ifec., ai*e given oil', 
and the mineral constituents, and a little carbon, rejnain behind. ' " 

A community must always dispose of its dead either by burial in land or 
water, or by burning, or chemical destruction equivalent to burning^ or by 
embalming and pre.s(Owi ng. Accustomed as wo are to land burial, ^hero is 
something almost levoltiiig, at first sight, at the iiiea of makiu" the sea the 
sepulchre, or of burning the dead. Yet the eventual dispei*sion of our frames 
is the same in all cases ; and it is probably a matter meiiily of custom wliich 
makes us think that tliero is a want of affection, or of (jaixn, if the bodies of the 
dead are not suffered to repose in the earth that bore tliem. 

In reality, neither all'eijtioii nor religion can he outraged by any manner of 
disposal of the dead which is done with proper solemnity and i*e8pect to the 
earthly dwelling-place of our friends. Tlie question should bo placed entirely 
on sanitary gi*ounds, and we then shaU judge it rightly. 

What, then, is ilui best plan of disposing of the dead, so that the living 
may not suffer ? 

It seems hardly likely that the practice of embalming or mummifying will 

* Nothing, perhaps, testifies more strongly to the antiquity and the extent of the ancient 
cities in Anatmla than the vast sepulchral remain-s. On the site of Old Dardanna, the mother 
of Troy, and stretching fi'om the Hellespont for two or three miles into the hills, the whole 
country is honeycombed with tombs. It is the same in the neighbourhood of Troy. The 
burial of the dead, though practised by the most ancient nations, was afterwards superseded 
by burning, and was only subsequently returned to. As, therefore, these graves represent 
only a portion of the <lnration of the city, the immense assemblage of ’tombs is the more remark- 
able, and it is impossible to avoid tlie conclusion that these great cities must liave flourished 
for periods far longer than those which have elapsed since London or Paris, for example, became 
lai*ge centres of population. 
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ever again become common. What is the use of preserving for a few more 
years the remains which will be an object of iiidiflerence to future genera- 
tions 1 The next logical step would be to enshrine these remains in some way 
so as to insure their preservation, and we should return to the vast burial 
mounds of Egypt The question will lie between burial in the land or at sea, 
and burning. 

At pi*esent the question is not an urgent one ; but if the population of 
Europe continues to increase, it will become so in another century 
or two. Already in this country we have seen, in our own time, a gi‘eat 
change ; the objectionable practice of interment under and round churches in 
towns has been given up, and tlie population is buried at a distance from 
their habitations. For the present tliat measure will probably suffice, but in 
a few years the question will again inevitAbly present itself. 

Burying in the giound appears cf)rj|ftinly the most insanibuy plan of the 
three methods. The air over cemeteries "is consbintly contaminated, and water 
(which may be used for drinking) is often highly impure. Hence, in the 
vicinity of graveyards two dangers to the popiilation arise, and in addition, 
from time to time, the distiuhance of an old graveyard has given rise to 
disease. It is a matter of notoriety that the vicinity of gravcyaitls is 
unhealthy. How are tlieso dangers to be avoided 1 The dead may be buried 
in more or less air-tight vaults ; here decjay is slow ; the products form and 
escape slowly, though they must eventually escape : the air and water are less 
contaminated. But the immense expense of such a plan renders it imj)ossible 
to adopt it for the community generally. Deep burying has the advantage 
of greater filtitition, both for aii* and water, than shallow buiyiiig, and lienc(3 
it is a good rule to make the grave as deej) as possible, and to allow no more 
than one body in a grave. The admixture of quicklime has beeji advised ; 
it absorbs some carbonic acid, and forms suliffiuret of calcium with the sulphur 
and sulpburctted hydrogen, but this itself soon decomposes, so that the ex- 
pense of quicklime seems hardly commensurate witli the result. Charcoal 
would absorb and oxidise the fuitid orgiinic ruattor, and, if sufficiently cheap, 
would bo a valuable substance to be heaped in graves ; but its cost would bo 
prijbably -top great, nor docs it entirely binder ijutrtif action and the evolution 
of foul-smelling substances (H. Barker). If a body Inis to be ke.pt unburied 
for some time, sawdust and sulphate of zinc, in the proportion of two ]>art3 to 
one, has been found by Herbert Barker,* to be the best application ; a thin 
layer is put over the dead body ; or sawdust is sprinkled on the body, and 
then two or three ounces of carbolic acid thrown over it. 

The only means which present themselves, as applicable in all cases, are the 
deep burial and the use of plants, closely placed in the cemetery. Th(?re is no 
plan which is more efficacious for the absorption of the organic suh»staiices, 
and perhaps of the carbonic acid, than plants, but it would seem a mistake to 
use only the dark, slow-growing evergreens. Die object should be to get the 
most rapidly growing trees and shmhs, and, in fact, there is no reason, exc(^pt 
a feeling of sentiment, why wo should introduce into onr cemeteri(is the gloomy 
and melancholy cypress and yew. Mr Seymour Haden has cjdlod attention 
to the supposed advantages of perishable coffins, so that the putrefactive 
clianges may be carried out as quickly as possible. And certainly, if burying 
is to continue, it seems reasonable that no undue obstacle should be placed in 
the way of changes which are sooner or later inevitable. 

WTien, in the course of years, it becomes imperative to reconsider this ques- 
tion, and land burial will have to he modified, many ai^uments -will present 


* Deodorisation and Disinfection, British Medical Journal, January 1866. 



474 


DISPOSAL OF THE DEAD. 


themscilves to maritime nations in favour of burying in tbe sea rather than of 
burning. It is time that the impurities in burning can be well diffused into 
the atmosphere? at large, and woidd not add to it any perceptible impurity. 
I^ut if th(? burning is not complete, foetid organic matters arc given off*, which 
hang cloud-like in the air and may be j>erceptible, and even hurtful. As a 
matter of expense, too, the system of inci*emation would be greater than the 
burial at sea. In the burial at sea, some of the body at least would go at once 
to support other forms of life, more rapidly than in the case of land burial, 
and mthout the danger of evolution of hurtful producta 

Ihu'Jiing, or cremation, has attracted much attention of late j^eara. In this 
country the su]\iect has been discussed by Sir Henry Iliompson and Mr 
lilassie, ami al)r(3fid much has been Avritten, especially in Germany and Ital}’^, in 
both Avhich countries the method has been practically tried. It would certainly 
ai)pear tliat the body can be disposed of in a very short time and in an 
inoffensive manner, while the expense would unquestionably be much reduced 
if the piacti<?e became general. 

Ill time of Avar, and especially in the case of beleagured fortresses, tbe dis- 
posal of the dead becomes often a matter of difficulty. In that case burning 
may have to be resorted to. If the bodies are buried, they should always he 
at as gi’eat a distance as possible, and as deep as they can be. If procurable, 
charcoal sliould be throAvn over them ; if it cannot be obtained, sawdust and 
sulpliate of zinc, or carbolic acid may be employed. Quicklime is also com- 
monly used, but is less useful 

At Metz, in 1870, the following plan was adopted : — A pit of about 17 
feet in depth Avas filled Avitli dead,^di^poscd of as foUoAvs : — A roAV of bodies 
was laid side by side ; above this a second row was placed, Avith the heads 
laid against the feet of the first roAV ; the third row Avere placed aijross, and the 
fourth row in the same Avay, but Avith the heads to the feet of the former^ 
the fifth roAv Averc phiced as No. 1, and so on. BetAveen each layer of bodies 
about an incli of lime, in jjowder, was placed. Fi*om 90 to 100 todies Avcrc 
thus arranged on a length of 6-| feet, and reacliod to about 6 feet fi-om the 
surface ; the pit Avas tlien filled uj) with eartli, and though 8400 ]x>dies were 
put in that pit, there w<3re no perceptible emanations at any time. 

Around Metz the gi*avos of men and horses and cattle Averc? disinfected Avith 
lime, charcoal, and sulphate of iKiri. Imnien.so exertions were made to clean and 
disinfect the camps and battle-fields, and in the month of May 1871, from 
1 200 to 1 600 labourers were employed by the Germans. Whcirever practicable, 
the ground was soAvn with oats or barley, or grass. The hillocks foimed by 
the graA^es Avere planted Avith trees. 

In many cases, at Metz, bodies Avere dug up by tlie Germans when there 
was any fear of water-courses being contaminated, or if houses wei’e near. 
On account of the danger to the workmen, graves containing more than six 
bodies Avere left untouched, and the work was always done under the 
immediate suporintendeuco of a jihysician. The earth was removed (jarefully, 
but not far enough to uncover the corpse ; then one end of the corpse was 
uncovered, and as soon as uniform or i)art8 of the body were seen, chloride of 
lime and sawdust, or charcoal and carholic acid, put in ; the whole earth round 
the body Avas thus trciated, and the body at length laid hare, lifted and carried 
aAvay. The second ]x)dy was then treated in the same way. 

Near Sedan, Avliere there were many bodies very superficially buried, 
bui’ning was had recourse to. Straw mixed Avith pitch was put into the 
graves, and was lighted : 1 ton of pitch sufficed for from 15 to 20 bodies. 
Opinions as to this practice were divided, and it is not certain how many 
graves were thus dealt with. It seems probable that only the surface of the 
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body was burnt, and when many bodios were together in one grave soino 
were not touched at all On the whole, the experiment aj^pears to have becui 
unauccessfuL 

Tlie J Belgian experience at Sedan was in favour of employing chloride of 
lime, nitric acid, sulphate of iron, and chlorine gas. Carbolici acid did not 
answer so well llie sulphate of zinc and charc<jal, which ]>arker found so 
useful, was not tried 

Mr Eassie has lately called attention to the desirability of an ambulatory 
cremation furnace for the disposal of bodies in war. If such an ari*{iiigement 
2)i'oved practicable, it would unquestionably be of immense adA^antage from a 
Ilygienic point of aucw. 



CHAPTER XVIIL 


ON THE PREVENTION OF SOME IMPORTANT AND 
COMMON DISEASES. 

There are two modes by wbich wo may attempt to prevent the occurrence of 
disease. 

1. By conforming vnth. the general rules of hygiene, by which the body 
and mind are brought into a state of more vigorous health. 

2. By investigating and removing the causes of the diseases which we find 
actually in operation. This part of the inquiry is in fact a necessary supple- 
ment to the other, though in proportion to the observance of the general rules 

hygiene, the causes of disease will gradually be removed. At present, 
however, wo have to deal with the facts before us, — ^viz., that there are a 
great number of diseases actually existent which must form the subject of 
investigation. Wo proceed in this case from the particular to the general, 
whereiis, in the first mode, we deduce general rules wliich have to bo applied 
to individual instances. 

Hygiene is in this direction an application of etiology, and etiology is the 
])liilosophy of medicine ; while in its turn the veiy foumlation and basis of 
etiology is an ' accurate diagnosis of disease. Unless distvisos are conipletcdy 
identified, all inquiry^into causes is hopeless. Let us remember, for exami)le, 
what utter confusion prevailed in our opinions as to causes and preventive 
irieasures at the time when typhus and typhoid fevers were considen 3 d 
identical, or when paroxysmal fever and the true yellow fever or vomito were 
thought to own a common cause. Any useful rules of ])revention were simply 
impossible— as impossible as at present in many of the diseases of nutrition, 
which, in the proper sense of the word, are yet undiagnosed. 

The advance of diagnosis has of late y^ears been owing not merely to 
improved methods of observation, but to the more complete recognition of the 
peat j)rinciplo of the invariableiiess of causation. Tlui sequence of phenomena 
in the diseased body proceeds with the same regularity and constancy as in 
astronomy or chemistry. Like causes always i>roduce like effects. To 
suppose that from the same cause should proceed a sequence of phenomena so 
utterly distinct as those of typhus and typhoid fever, now seems incredible ; 
yet with a full, or at any rate a sufficient, knowledge of the phenomena, it 
was at one time almost universally believed that these two perfectly distinct 
diseases owned a common origin. At the prtjsent moment, the superficial 
resemblance between gout and rheumatism causes them to be put together in 
almost aU systtjms of nosology, although, with the exception of the joints 
being affected, the diseases have almost nothing in common. 

In propoi’tion as this great principle is still more constantly applied, and as 
our moans of diagnosis advance, and consequently, causes are more satis- 
factorily investigated, metho<ls of prevention will become obvious and precise^ 
At present they are very far from being so. In many cases they are founded 
on very imperfe^jt observation ; and very frequently all that can be done is to 
®pply gen end sanitary rules, without attempting to determine what are the 
special preventive measures which each disease requires. 
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It is not necessary, however, that we should wait until the causation of 
any disease is perfectly understood. We must act, as in so many other 
affairs, on probability ; and endeavour to remove those conditions which, in 
the present state of our knowledge, seem to be the most likely causes of the 
disease. It may be that, in some cases, we may be attacking only subsidiary 
or minor causes, and may overlook others equally, or more important hi 
some cases, indeed, we may overlook entirely the effective causes, and may be 
fighting with shadows. Still, oven from mistakes, progress often arises — 
indeed, the difficult path of human knowledge is perhaps always through 
error. 

The tcnn cause is applied by logicians to any antecedent which has a share 
in producing a certain sequence ; and it is well known that in many diseases 
two sets of cjiuses are in operation — one external, and one internal to the body 
(exciting and predisposing). The investigation of the internal causes, which 
in some cases arc necessary to the action of the external causes, is etjually 
curious and intricate as that of the external causes, and in some respects it is 
even more obsciu*e ; but measures of prevention must deal with them, as well 
us witli the external causes. 

In this chaj)ter I can, of course, only venture to enumerate very briefly, 
and without discussion, what seem to be the best rules of prevention for the 
princij)al diseases of soldiers. To enter on the great sulqect of the prevention 
of disease generally, and to discuss aU the complicated questions connected 
with causation, would demand a volume. 

I have endeavoured to preserve the simple and practical character which I 
have attempted to give to the other parts of this mannai 

SECTION L 

THE SPECIFIC DISEASES.* 

Paroxysmal Fevers, 

External Came , — Tliis is presumed to be putrescent, or at any rate, 
decomposing vegetable matter (see pp. 44, 111, and 331), derived from a 
moist and puti-escent soil, wliich is carried into the body by the medium of 
water or of air.f 

If by water, a fresh source must be obtained. Well water is generally 
safe, but not always. Kain water may be unsafe, if the tanks are not clean. X 
If a fresh source cannot be obtained, boiling, charcoal filtration, and alum 
appear to be the best preventive moasures.§ 

If the introduction be by air, and if the locality cannot be left, the most 
approved plan is elevation to at least 500 feet above the source of the paison 
in temperate climatas j and 1000 to 1500 feet in the tropics, or higher still, 

if possible.il If this plan cannot be adopted, two points must bo aimed at — 

> 

• In enumerating these diseases, I have followed simply a convenient order, and have only 
referred to the most common diseases of soldiers. 

+ I have not thought it desirable to allude here to the views of Salisbuiy that a species of 
palmella causes intemiittents, or to other similar views ; they require more investigation before 
we can practically act on them. 

J For instance of propagation by so-called rain-water, see cases at Tilbury Fort, noted at 
page 46. 

§ Dr Blanc and Mr Prideaux ijraserved themselves from intermittent fever, in a march in 
Abyssinia, by always using water in the form of tea or coffee. 

II It^ must be understood that these heights are assumed to be ttbow a marsh. They will not 
secure from malaria from marshes, if situated at that or a much greater height. A marsh at 
Erzeroum is 6000 feet above sea-level ; one at Puebla, in New Mexico, is 5000 feet ; both cause 
fevers. 
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viz., to obviate local, and to avoid drifting malaria. Thorough subsoil 
draining ; filling up moist ground when practicable ; paving or covering the 
ground with herbage kept closely cut, are the best plans for the first point. 
For the second, belts of trees, even walls can be interposed ; or houses can be 
so built, tis not to present oi)enings towards the side of the malarious 
ciu’rents. 

The liouses themselves aliould be raised above the ground on arches ; or, if 
wooden, on piles. Upper floors only should be occupied. The early morning 
air, for three lu)ur8 after sunrise, should bo avoided ; and next to this, night 
air. 

Internal Causes . — The conformation, or structhral condition, which permits 
the external cause to act, is evidently not ecpial in diflercnt individuals, or in 
tlifie.rent races ; but we are (|uite ignorant of its nature. It is not removed by 
attacks of the disease ; but, on the contrary, after repeated attacks of ague, a 
peculiar coiidition (of the nervi's 1 ) is protluced, in which the disease can bo 
brought on l)y causes, sucli as cold or dietetic errors, which coidd never have 
caused it in the first instance. Ilie internal predisposition is groiitly 
lieightenod by poor feeding, antemia, and probably by scurvy. 

To remove the internal cauwses onr ordy means at present are the administra- 
tion of finti])oriodics, especially quinine ; and gootl and generous living, with 
iron medicines. Tlie use of nannel next the skin, and of warm clothing 
generally ; warm coffee, and a good meal before tin*, time of exjjosiu'o to the 
malaria, and perhaps modonite smoking (1), are the other cliief measures. 
Wine in modciration is part of a generous diet ; but spirits are useless, and 
probably hurtful, unless given considerably diluted. 

Yellow Fever, 

Fxtcmal Cause . — During the last few years the progress of inquiry has a 
entirely discoimected true yellow fever from malaria, though yellowncjss of 
the skin is a symptom of some malarious fevers. Yellow fever is a disi^ise of 
cities and of parts of cities, being often singularly localised, like3 cholera. Tn 
the West Indies it has repeatedly attacked a barnick (at llermuda, Triiikhul, 
llarbadoes, Jamaica), while no other x>lace in the whole island was affectiHl. 
Ill the same Avay (at Lisbon, Cadiz, and many other places) it has attacked only 
one sciction of a town, and, occasionally, like cholera, only one side of a street. 
In the West Indies it 1ms repeatedly commenced in thesajuo part of abaiTack. 
In all these i)oints, and in its frequent occurrence in non-malarioua jilaces, in 
the (exemption of highly malarious places, in its want of relation to moisture 
in the atmos^diere, and its as evi<lent coimection with pTitrefying fjecal and 
other animal matters, its cause difiei*s entirely from malaria.* 

If these x^oiiits were not suificient, the fact that the agent or poison 
which causes yellow fevt^r i.s i)ortabJe, can he carried and introdueed among a 
(community, t aiul is inereaseil in the bodies of those whom it attacks, indicates 
that the two agencies of yellow fever and paroxysmal fevers are entirely 
distinct. 

* The belief in tlie malarious origin of yellow fever, so long and tenaciously held by many 
American physicians, seems to be losing ground. (See paper by Dr Perry, read before the 
American Health Association, The Daily Picayune, Nov. 23, 1873.) 

t Cases of the Bann, Eclair, Icanis, and several others. The late remarkable introduction 
of yellow fever from Havaunah into St Nazaire, in France (near Brest), is most striking, and 
cannot be explained away. It spread l>oth from the ship, and, in one instance, from persons. 
(See Aitken's Medicine, Sth edit. 18(58 ; and Report on Hygiene for 1862, in the Army Medical 
lleiwrt, by the author.) The introduction into Rio in 1849, and into Monte Video, are still ^ 
more striking cases of importation ; and a case very similar to that of St Nazaire occurred ' 
some years ago at Swansea. (See Report by Dr Buclianau to the Medical officer of the Privy 
Council, 1866.) 

J As more care is taken, the symptoms of the two diseases also are found to be diagnostic, 
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That great point being considered settled, the inquiry into the conditions 
of si)read of tlie yellow fever becomes easier. I'he points to seke arti its fre- 
quent and regular localisation and its transportation. The localisation at 
once disconnects it with any general atmospheric wave of poison ; it is no 
doubt greatly influenced by temi)erature, and is worse when tlie temperature 
is above 70° Fahr. Though it will continue to spread in a colder air than was 
formerly supposed, it does not spread ra 2 >idly, and appears to die out, but 
even tcjmpcirature does not causes it to become general in a place. 

Tlie localising causes are evidently (cases of Lisbon, Gibrjiltar, West Indies, 
«kc.) connected with accumulation of excreta round dwellings, and overcrowd- 
ing. Of the former there aref abundant instances, and it is now coming out 
.more and more chjarly that, to use a convenient plirase, yellow fever, like 
cholera and typhoid fever, is a fmcal disease. And here we find the ex])lana- 
tioTi of its localisation in the West Indian barracks in the olden time, lioiind 
every barrack there were cesspits, often open to sun and air. Every 
evacuation of healthy and sick men Avas throwui into jierhaps the same jilaceis. 
Grant tliat yellow fever was somehow or other introduced, and let us 
assume (what is higlily probable) that tlie vomitfid and fa'cal njatt(?rs S 2 >i*ead 
the disciase, and it is evident wliy, in St James’ Jlarracks at 1 rinidad, or St 
Ann’s Earracks at Earbadoes, men AV(?re dying by dozens, while at a little 
ilistance there was no disease. The prevalence on boarfl shiji is as easily 
exjilained : Granted that yellow fever is once imported into the shii), theji 
the conditions of sjiread are probably as favourable as in the most (awded 
city ; 2 )lanks and cots get impregnated with the discharges, which may even 
find their way into the hold and bilge. No one who knows how difficult it 
is to heljl such impregnation in the best hospitals on shore, and who remem- 
bers the imperfect arrangements on board ship for sickness, will flouht this. 
Hhen, in many ships, indeed in almost all in unequal degrees, ventilation is 
most inqiea’fect, ami thc5 air is never ch^ansed. 

Overcrowding, and Avhat is ecpiivalent, defective ventilation, is another gi-eat 
auxiliary ; and Jlone* I’clates several striking instances, f 

T'ho question of the origin of yeUoAV fever is one Avhich cannot be considered 
in this volume, and at 2 )resent no preventive rules of importance can be drawn 
from the discussion. 

Th('. cliief prcjveiitive measures for the ext(jrnal cause are these : — 

1. Tlie portability being proved, the gnjatest care should he taken to jnwent 
introduction, either by sick men, or by men who have left an infcjcted shii). 
'fho case of the “ Annie Marie ” (see “ Aitken’s Medicine,” and “ Keport on 
Hygiene ” in the “ Army Medical Rejiort ” for 1862) has made it (jiiite un- 
certain what period of time should have elapsed before an infected sliip can 
he considered safe : in fact, it jirobahly cannot ho safe until the cargo has been 
discharged and the ship thoroughly cleansed. Still, it ai)p(iar8, that if men 
leaving an affected 2 )lace or ship pass into places AveU ventilated and in fair 
sanitary condition, they seldom cairy tlie disease;.^ in other woi*ds, the disease 
is seldom portable by men, but it will occur. It ajq^ears necessary, also, to 

and if it were not for the constant use of the unhappy term remittent,” the confusion would 
not have so long prevailed. 

An interesting instance of good diagnosis was made by the French at Vera Cruz in 1861. In 
the spring the voniito prevailed, and then disap|:>eared. Some months afterwards, cases of a 
disease occnired so like yellow fever tliat they were at first taken to be that disease, but on a 
closer exaTiiination they were found to be clearly paroxysmal, and to yield to quiniue.-— iZisc. de 
Mem., de Mid. MUit 1863. 

* Yellow fever, by G. F. Bone, Assist-Surg. to the Forces. 

+ For example, in the same barrack, the windward rooms have been quite healthy, and the 
leeward rooms attacked. Men in the latter have ceasetl to have cases of the disease when 
moved to the former locality. (See a good case in Bone, op. cit, p. 13.) 
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consider tliat tlie incubative period is longer than usually supposed, probably 
often fourteen or sixteen days. In the case of a ship it seems desirable not 
to consider danger over until at least twenty days have elapsed since the cure 
or death of the last case, and even at that time to thoroughly fumigate tlie 
ship with chlorine and nitrous acid before the cargo is touched. Men work- 
ing on board such a ship should work by relays, so as not to be more than 
an hour at a time in the hold.* 

Ill Ccise men sick with yellow fever must be received into a barrack or 
hospital, they should be isolated, placed in the best ventilated rooms at the 
top of the house, if possible, or, better still, in separate houses, and all dis- 
chaiges mixed witli zinc sulphate and zinc chloride, and separately disposed 
of, and not allowed to pass into any closet or latrine. 

2. The introduction by drinking-waters not being, disproved, care should 
be taken that the possibility of this mode of introduction be not overlooked. 

3. Piivfect sewerage and ventilation of any station would probalily in great 
measure jin^serve from yellow fever, but in addition, in the yellow fever zone, 
elevation is said to have a very great effect, though the confusion between 
nuilarious fevers and the vomito rendem the evidence on this point less 
certain, and the late introduction into Newcastle in fJaniaica (4200 feet), and 
the fiequent occurrence at Xalapa (4330 feet), as well as its prevalence on 
high points of the Andes (9000 feet) (A. Smith), show that the effect of mere 
elevation lias b(H?n overrated. Still, as a matter of precaution, stations in all 
yellow-fever districts should be on elevations above 2000, and if possible 3000 
feet. 

4. If an outbreak of yellow-fever occur in a barrack, it is impossible then 
to attemjit any cleansing of sewers ; the only plan is to evacuate the* barracks. 
This has been done many times in the West Indies with the best effects. As 
a preventive measure, also, evacuation of the barracks, and encampmemt at 
some little distance, is a most useful plan, ]:leforo the barrack is re-0(jeupied, 
every possible means should be taken to cleanse it ; sewers should be 
thoroughly flushed ; walls scraped, lime-washed, and fumigated with nitrous 
acid. If a barrack cannot bo altogether abandoned, the ground-ffoom should 
be disused.# There are severjil instances in which persons living in the lowest 
storey have been attacked, wliile those above have escaxicd 

5. In all buildings where sick are, or wliero yellow-fever prevails, there 
should be constant fumigation with nitrous acid, which seems to be, as far as 
we know, the best disinfectant for this disease. 

6. If it appejirs on board ship, take the same precautions with regard to 
evacuations, bedding, ^c. Treat all patients in the open air on deck, if the 
weather permit ; run the ship for a colder latitude ; kind all the sick as soon 
as possible, and cleanse and fumigate the ship. 

Irdarnal Causa . — Kecent arrival in a hot country has been usually assigned 
as a cause, but the confusion between tme yellow fever and severe febricula 
(ardent fever or causus) and malarious fevers, renders it uncertain how far this 
cause operates. t Still, as a matter of precaution, the present plan of three or 

* Dr Perry (ojo. cit.) considers qufirantine useless, and advises a most rigorous system of 
disiufectiou. He cites eight instances of the introduction of yeUow fever through a strict 
quarantine, seven to New Orleans and one to Pensacola. 

, f In the old times in Jamaica it was, however, always noticed that the worst attacks occurred 
in regiments during the first twenty-four, and especially the first twelve month^. In thirteen 
epidemics in different regiments, four occurred in less than six months after landing, seven in 
less than twelve months; and two in less than twenty-four months. But it has been stated 
that residence in one place, though it may secure against the yellow fever of that, does not 
I>rotect a^inst the disease in another locality. It is much to be -wished that all these asser- 
tions which abound in books should be tested by figures. That is the only way of coming to 
a decision. 



DENGUE — CHOLERA. 


481 


four years* Mediterranean service before passing to the West Indies seems 
desirable. Different races possess the peculiar habit which allows the external 
cause to act in very diffei*ent degrees ; this is nicked in the cases of ncjgrocs 
and mulattoes as compared with white men, but even in the European nations 
it has been supposed that the northern are more subject than the southeiu 
nations. Of the sexes, women are said to be less liable than men. 

Tliis predisposition is increased by fatigue,* and it is said, especially wlien 
combiiKjd with exposure to the siui ; bj^ drinking, and by improper food of 
any kind which lowers the tone of the body. 

'No prophylactic medicine is known ; quinine is quite useless. 

Little, therefore, can bo done to avert the internal causes, except care in not 
undergoing great fatigue, temperance, and proj)er fooci The external condi- 
tions are the most important to attend to. 

Deiujm. 

This disease, which has attracted much attention of late years, appears to 
bear some relation to yellow fever, not in its pathological chamcters, but in 
the time of its appearance ami geographical distribution. It has, however, 
prevailed in Asia, where yellow fever has hitherto been unknown. Li 
Egypt (according to Vauvray) it is seen at the time of the date-harvest, and 
is known as “ date fever.** In other parts of the world it has been attributed 
to vegetable emanations. Although its symj)toms are those of blood-poisoning, 
it may bo doubted if this is duo to vegetable emanations only. No prevcMitive 
is known, but as it is accoin])anied with an eruption, it would probably bo 
reasonable to deal with it as with other erui>tivc diseases, such as measles. 

Cholera, 

* Extm'md Came . — As in the case of yellow fever, we have no certain clue 
to the origin of cholera, f and in some i*espccts the propagation of the disease 
is very enigmatical. I'he way, for example, in which the disease has sju'ead 
over vast regions, and has then entirely disappeared, { and the mode in which 
it seems to develop and decline in a locality, in a sort of regular order and at 
certain seasons, are facts which we can oidy imperfcictly explain. 

But as far as pr(*ventive inoasun's are c(.»ncerned, the lusearchcwS of the last 
few years seem to have given us indications oJi which we are bound to 
act, though they are based only on a partial knowledge of the laws of spread 
of this poison. 

These indications aro — 

1. The portability of the disease, i.e.y the carriage of cholera from one place 
to another by persons ill with the disetise, both in th(j earliest stage (the so- 
called premonitory diarrhoea), and the latter perio<l, and in convalescence. § 
The carriage by healthy i>orsons coming from infected districts is not so 
certain ; but tiiere is some evidence. || It is clear this last point is a iiiost 

* Arnold, Bilions Remittent Fever, 1840, p. 82. > 

+ The i*esearclies of Lewis «nd of T). D, Cunningham in India, and of E1)ertli* of Ziirich, h.Tve 
shown that no specific germ has heen yet discovered, and have disproved the fungoid and otlier 
origins proposed by Hallier, &c. 

J There is, of course, no doubt that the common autumnal cholera, however much it may 
resemble superficially the Indian cholem, is quite a separate disease. 

§ With respect to convalescence, the only evidence I know of is given by Volz, quoted by 
Hii’scli, Jaliresb, fiir ges. Me<l. 1868, band ii. p. 221. 

II Especially in the Mauritius outbreaks, where parties of coolies coming from places where 
cholera prevailed, but being themselves healthy, gave cholera to other parties of coolies who 
Ijatl arrived from India, and had no disease among them.* Dr Adams (Army Medical Rt‘|>ort, 
vol. vi. p. 348), in his excellent Report on Cholera in Malta, states, " Tliere are many pointed 


♦ Zui* Kc'.inlniss clcr Bactcriilsclicii Mykosen. Von J, C. ICbertli, 1873. 

2ll 
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important one, in which it is desirable to have more complete evidence. The 
occasional carriage by soiled clothes, though not on tlie whole common, has 
also evidence in its favour. • All these points were affirmed by the Vienna 
conference of 1874. Even Pettenkofer admitted that man is the carrier of 
the disease germ, although the locality may be the moans of rendering it 
potent. On the otlier hand, Dr J. M. Ciiningham (Ninth Annual Eeport 
of the Sanitiiry Commissioner with the Government of India) makes a tabula 
rasa of everything, denies the tninsportability of the disease either by persons 
or by water, and says there is a mysterious factor stiU to bo sought for, llis 
evidence, however, cannot be considered as conclusive. 
j^Whatever may bo the final opinion on all these points, we are bound to act 
asif they were perhjctiy asc(3rtained. It is usually imf)ossible to have ligid 
quarantines ; for nothing short of absolute non-communication would bo 
useful, and this is im])ossible except in exc(ij>tional ctises. For persons A-^ery 
slightly ill, or who have the disease in them but are not yet a])parently ill, or 
possibly who anj not and will not be ill at all, can give the disease, and 
therefore a stdection of dangerous persons cannot be made. Then as the 
incubative stage c*an certainly last ff>r ten or twelve days, and there are somo 
good cases on record where it has lasted for more than twenty, it is clear that 
quarantine, unless enforced for at least the last period of time, may be useless. 
The constant evasions also of the most strict cordon render such jdans always 
useless. An island, or an inland villagci, far removed from commerce, and 
capable for a time of doing without it, may practice quarantine and preserver 
itself ; but, in otluir circumstances, both theory and acjtual experiences show 
that (piamiitine fails.* 

This difiiculty, however, of carrying out efficient isolation is no<^aVgum(mt 
against taking ov(?ry precaution against communicatioji, and ke(i])ing a sti-ict 
watch and control over every possible channel of introrluction. In this way, 
by isolation of the individual, or of bodies of men, as far as possible, and by 
looking out for and dealing with the earliest case, an ovitbreak may perhaps 
be checked, especially hy discovering the diarrlia*al attacjks, and hy using 
disinfectants both to the discharges and to linen, f In the case of troops 
coming finni infected districts, they .should he ke])t in separabi huildings for 
twenty days, and onlered to use only the latrines attachecl to them, in which 
disinfectants should be freely usetl. 

2. The introduction of the disease into any platie by pm-soiis is considered 
by most observers to be connected with the choleraic discharges, eithc^r when 
newly passed, or, according *to seme, when decomposing. Ther(3asons for this 
an? hriehy these : the portability being certain, the thing carried is more 
lik(jly to be in the discharges from the stomach and bowels than from the skin 

facts to show that cholera may he intmlnced and communicated to siiscei^tihle i>er.sona by 
healthy individuals from infected districts.'’ 

* When circumstances are favoiiral»le (as respects trade and intercourse), however, Rood 
quarantine may be successful even on the mainland. Tliis was shown in Algeria in ISdX. 
See Dr Diilcerley's Notice .snr le.s MesiirtAs de Preservation jirises a Batna (Algciie) pendant Ic 
Cholera de 1867, Paris, 1868, for a very interesting account of those successful measures of 
which strict isolation and constant hj-gieuic measures were the principal. So also in America 
Dr Woo<lward states (Circular on Cholera, No. 5, Surgeon-General’s Oflice, Washington, 1867) 
th.-it “ the general tenor of Army experience is strongly in favour of tiuarantinc.” Quarantine 
on land was condemned by the Vienna” Conference, but recoin iriende» I on tlm Bed Sea and the 
Caspian. In Europe, however, only rigorous iu.spection was recommended, with various rules 
for preventiijg spread as much as possible. 

f Tlie Indian Government are now cautiously attempting to limit the spread of cholera by 
superinteinling and controlling tlie pilgrim, ages, whic.h are so common a cause of the spread of 
cholera in India. The report of the Cholera Cum inittee (Tn8pector-Gener.al Mackenzie, Colonel 
Silva, and I)v Jtanking) to the Madras Goveniment, jmblislied at Madras in 1868, give.s a gi’eat 
<leal of important evidence on this point, and in addition lays down excellent rules for the 
nianagefucnt of i>ilgriniages. 
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or “breath (the urine is out of the question), and for tliese reasons : Water 
can (jonmiunicate tlie dise{is(3, and this could only be b3'' contamination ^vith 
the discharges ; water contaminated by discharges has actually given tlie 
disease, as in I)r Macnamara’s cases ; in some cases a singularly local origin 
is proved, and this is nearly always a latrine, sewer, or receptaede of discharges, 
or a soil impregnated with choleraic evacuations ; soiled linen has sometimes 
given it, and this is far more likely to be from discharges than from the per- 
spiration ; animals (white mice and rabbits) have had cholera produced in 
them from feeding on the dried discharges. Finally, in the history of the 
portability of cholera, there are many inshinces in which, while there has been 
decided introduction by a diseased person into a place, there has been no inj| 
mediate relation between that pc^rson and the next case ; in other words, the 
cause must bo completely d(*tachablo from the first cas( 3 , and must be able to 
act at a distance from his body ; it is therefore far more probable that the 
dis(iharg(is are this carrying agency, than that any edfluvia should pass off from 
the lungs and skin which could spn^ad to a great distance. 

Enough has been said to show that the discharges must receive the most 
careful attention. Every discharge ought to be disinfected with strong sub- 
shiTutes liberally used ; the best are carbolic acid (in large quantity), por- 
chlorido of iron, (jhloride of zinc, chloride of lime, or, if none of thtjso an3 at 
hand, good cpiicklime (see Disinfectants). Although the K‘sults of disinfec- 
tion of the discharges have not hitherto been encouraging, the plan has seldom 
beeii complcitoly tried. All latrines should be disinfocjted, seiweis flushed, 
carbolic acid poured down them, and every means taken to keep them venti- 
lated. 

What 8h6uld bo done with the disinfecto<l discharges ? Rliould they bo 
allowed to pass into sewers, or buried in the ground ? They must in some 
be got rid of. Sew(3rs certainly afford an easy mod(3 of disposing of 
them ; and as the discharges are mixed with iniich water, and are laphlly 
sw(!])t fiway in tluun, and as the temperature of the sewers is low, and 
(lecompo.sition is delayed, it is quite possible tliat sewers may be a moans of 
freeing a towji from choleraic discharges more easily than any other jdan. 
And it appears to bo a fact, that in the well-sewered towns in England the 
cholera of I860 and 1866 never attained any wid(3 spread. In largo towns, 
also, thei’e are no other means of disposing of the dischargers. Jlut may not 
sewers be a means of dissemiiiation,* and thus, as in some outbreaks of enteric 
fever, he a source of danger ? And again, when sewerag(r is i)OUi‘ed over land, 
as it will be soon throughout all England, are we (piito sure that no choleraic 
oilhivia will })ass off, or that the choleraic ])articles ptussing into the ground 
may not develop there, as Pettenkofer supposes is the case 1 1 kut)w of no 

facts to enable us to decide, and I do not think we ought at present to fonii 
an opinion on the probability of inischhrf arising in this way, but it should, 
at any rate, make us still more urgent in the use of disinfectants to all 
discharges. 

Again, as to disposal in the earth, if Pettenkoh^r is correct, a loose moist 
earth is the place wlierij tlie supjioscd gerai of cholera acquires its power. 
The last place wo should put a choleraic discharge would b(3 tlie earth : and 
tluii*e would be even an argumcMit against the tise of the earth plan of dealing 
with sewage. Still, as there is much to ho said against PettenkofeFs vic'ws, 
and as in small towns and villages tbei’c is only the alternative of allowing 
th(3 diseliarges to pass into cesspools or streams, or to be dis[)Osed of in the 

Th;it those may be so, in a particiiiar way, T have ren4k*ro(l probable in n)y Uopo'-t on 
Cholera in Snutliaiiiptoti (Sixth Ueport of the Metiic.'il Ollicer to tlie Privy Coundl, p. 251 ; ; 
but at ill there ia very little e vide ace 011 this point. 
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earth, I think the safest course is to d(?eply bury all disinfectcMl discharges, 
cart} being taken to plfice them at a distance from houses and from sources of 
water supply. 

That linen and bedding should bo carefully disinfected, needs no aigument 
(see chapter on Disinfection). In some English towns all cholera clothing 
has been burnt, but Avhethor this measure is necessary or not is uncertain. 
Eut thorough ste(*piiig and boiling befoi*e washing is essential, as washerwomen 
have certainly suilertKl in many cases. 

3. The intix)duction of the agent by the medium of the air is generally 
admitted, on the i)Joa tliat cjuses occur in wdiich any other mode of entrance is 
impossible. It is also held by some that, existing in the air it can b(j carried 
for great distances by winds ; and some observers indeed believe this to be its 
usual mode of transit, though this ojDinion ajjpears to. me opposed to all we 
know of its spread. 

Without attempting to decide the point or to state the limits of tlio trans- 
mission, it is a matter of prudence to act as if tlie winds ditl carry the poison. 
The Indian rule is to inarch at right angles to the wdnd, and never against it 
or with it if it caii he avoide<l. The spreading by the winds in India has 
been usually ascri])ed to the custom of throwing all the cholera evacuations on 
the ground ; there they get <lried, and then are lifted hy the wind and driven 
to other parts. This seems probable, but no decided proof has been given ; 
and an argument against it may be raised on the dilliculty of accounting for 
tlie immunity of adjacent places if such transmissioji were commo]i. So also 
tlie use of aerial disinfectants in cholera is rendered iinjierativo by tlie chance 
that the cause may he in the air. The Vienna Conference, aflirmefl trans- 
mission by the air, but only to a short distance, and nevi*.r faster \.han man 
travels. They also ivcognised the great safeguard afrord(‘d by deserts, as the 
disease has never been known to be imported into Eygpt or Syria across tliO 
desert hy caravans from M(?ccji.* 

4. The occasional, perhaps frecpicnt, introduction by water sciems certain. 
It was unanimously altirmed at the A'ienna Conference, even hy Pettenkofer. 
It is a good plan always to (diaiigo the source of supply, to use rain water if 
no other fresli sourct? is procurable ; and in every cas (5 to boil, and filter 
through animal charcoal, and to use also potassium permanganate, f It 
remains uncerlaiii wheilier a water Avhicli gives cholera is always 
cliemicially imi>ure, or whether the choleraic matter may be in so smair a 
quantity fis to be absolutely indetectable. In the two cases I have examined 
ill which the water Avas the. cause, it was highly impure. In India it is now 
ordered that all the water should be boiled. (G. O. G. C. ]So. 192, Clause 

5. The introduction by food has been noted in some cases (although the 
\ ienna Conference decided, by 11 to 7, that present facts do not warrant a 


* On this point the history of Cliili is interesting, as cholei*a has never I’eaehed it It is 
separated on tlie noT th frf>m Peru hy the desert of Attacaiiia, and from the Argentine Con- 
federation on the east hy the Andes range, to wJiich cii-c uni stances its immunity hitherto from 
epidemic diseases has been ascribed hy the inhabitants. 

t In the very able Kepovt on Kpidemic Cholera in tlie United States Anny (Circular No 5 
War Department ; Siu-geon-Gencral’a Olfice, Washington), is what appears to be a good instance 
of the effect of changing the supply. At New Orleans rain, and in some cases distilled water 
was supplied instead of river water, with the apparent effect of checking the spread (p xvii ) • 
see also the cases of Uti*e.clit and Rottcrflani, as reported by Buys- Ballot. 

t Forster of Breslau (Die Verbreitung der Cholei-a durch die Brunnen, 1 873) urge.s two rccom- 
meudations which he thinks will prevent cholera iu the future— 1st, Lead to every town oven 
if at great cost, abundant and pure water, as indeed was done, he savs, much better 2H00 years 
ago than now. 2d, Protect the ^o-oiind from contamination in aiiv way fnnn excrements ami 
banish all cesspits. . The ground must be absolutely pure, and this can only be if all fiecal 
matter is removed to a distance. 
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(lecision). Every article of food, solid and lic^uid, should therefore be passed 
ill review, and the cooking nrrangenienis gone over step by step.* * * § 

6 . The localisation of cholera is a marked feature in its history, f It is 
oftiui as marked as in yellow fever, and may be coiiiiniid to a very small area. 

other times, in India, the “ tainted district ” may be of some extent. 
From this fact of loiialisation arises the important rule of always leaving the 
locality whcm practicable, and in a Large town of clearing out the house where 
cholera has happened. In India the jiresent rule is to march the men and 
encamp in a healthy spot at some little distance, changing the encgLHipiug 
ground from time to time. On the whole, this has acted woU, and should bo 
adhered to, though occasionally it has failed, generally, how^ever, I believe, 
from error in choice of locality. I'lie men should he tented ; the tents should 
be w(dl ventilated, and often struck and repitched ; an elevated spot should be 
chosen, and dami) and low soils and river banks avoided. Orders lay dowm 
witli pi’ecision the exact steps to bo taken by a regiment when cholera 
threatens. J This rule of marching out must, of course, be subject to some 
e.xce])tions. It has been advised tliat it should not be done in the rainy season 
in India. This must depend on the locality. I have hoeii informed that it 
has sometinKis answered wtdl, even in heavy rains ; but in other cases the 
rains may be too h(‘avy. No absolute ride can be laid dowui ; but the circum- 
stances which are allowed to set aside the grand rule of evacuation of a tainted 
])lae.(i should be unerpiivocaL 

In connection with change of locality,' the opinions of Pettenkofer should 
bo borne in mind. Pettenkofer believes that, of all conditions, the effect of 
soil is the most important. It is necessary, then, to cronsider ])articuiarly the 
nature of the soil wlujre the fresh canii)s are to he placed, and to sele(‘.t tlie 
perfectly dry and, if -1)08811)10, ])iire, impermeable, iincontfimiiiated soils, and to 
]Tvevout thp cholera disc^harges from percolating through the gjmind. 

7 . Men sick from cholera are also best tn^atod in WeU-vcntilatcd tents, 
wdienever the sccson admits of it. Even in cold countries, up to the end of 
<.)ctob(*r or the middle of November, tents can 1)0 used if properly Avarmed. 
In India it should be a rule to treat every cholera i:)atient in a tent, as far as 
circunistaiices ])ermit it. 

Inlomal CdUHcs. — (lencral feebleness of health gives no predisposition, nor 
is robust health a safeguard ; some even have tlj ought that the strongest men 
sutfer most. Great fatigue, and especially if continued from day to day, 
greatly predisposes ; of this tliere seems no doubt.§ No certain inlluencc has 
yet been traced to diet, although it has been supposed that a vegetable diet 
and alkalinity of the intestinal contents may predispose. It does not appear 

* See Dr Fair weather's Delhi case in the Sanitary Report of the Punjab for 1871; also 
given in my Report on Hygiene, in the Army Medical Repoii;, vol. xiii. (1878). 

t Surgeon P. Cullen (Indian Medical Gazette, 1st July 1878), notices a very singular case 
of localisation at Etarsi. 

X The onler in Tinlia is, if a single case occur in a barrack, to vacate that pail; of the Imr- 
rack, and to encamp the men in the cantonment. If a sci>6iid case occur among the body 
of men thus removed, they are again moved, and the building or tent is vacated ainl pin ilied. 
If a third case occur in this body of men within a week, they are removed to the preparatory 
camp. 

Jhiildings are purified by scraping and washing walls with hot caustic limewasb ; boiling 
punkah fringes, ropes, curtains, &c., and using chloride of lime or other disinfectant. 'IVnts 
arc purified byj)eiiig fumigated with either chlorine, nitrous acid, or sulphui'ous acid, and then 
exposed to the weather for ten days. Railway carriages, after occupation by troops carrying 
cholera, are purified by washing with boiling water containing in each gallon a wineglaasful ot 
carbolic acid, and burning sulphur in the closed carriages for two hours. If troops are 
moved by rail, they are not to use latrines, but trenches are to Ire dug for them (G. 0. C. C.), 
No. 193. 

§ There are many instances of the effects of long marches. See Orton, Lorimer, and Thorn 
quoted in Brit, and For. Med. CUir. Rev., July 1848, pp. 85-87* 
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that insufficient diet has any great effect, tliough there is some slight evidence 
that scurvy increases the mortality, and perha])s the predisposition.* The 
strictest temperance does not preserve from attacks j but every one agrees that 
spirits are no protection, and tluit debauchery increases liability. 

Of pre-existing diseases, it has been supposed that cardiac affections and 
pulmonary emphysema predispose ; the evidence is very unsatisfactory. If 
Jleale’s observations bo correct, post-mortem examinations oftem show prcivious 
affectiori of the villi and mucous membranes of the intestines generally ; but 
it^is ve]^ desuable there should be more proof of this. 

Diarrha^a predis])oscs, and any causes which lead to diarrhoea, especially 
impure water, dietetic crroi*s, t'irc., should be carefully looked after. 

With regard to pix)pliyLi(;tic nuiasures (except in respect to proper diet, free 
ventilation, «aiid pure water) nothing has been yet made out. Quinine has 
been recommended, and should certainly be given, especially in malarious 
countries, fis it is a fact tliat the choleraic 2)oison and malaria may act 
together, and even give a slight periodicfd charactesr to choleraic attacks, Avhich 
is never seen in non-malarious districts, and is therefore merely giufted on 
cholera. Pepi)ers, spices, (fee., have been used ; but I am not aware of any 
good evidence. All diai*rlia*a sliould be immediately checked, and this is 
well known to he the most im])Oitaiit point connected with the prevention of 
the internal causes. 'J’he universal order in India is, that any man going 
twice in one day to the latrine should report himself; and non-commissioned 
officers are usually stationed at the latrines to watch the men. The reason of 
this rule should be fully explained to the men. In two attacks of 0110101x1 in 
India, I found it almost impossible to get the men to report themselves 
properly ; the slight diaiTlu^ea o£ early cholera is so painless that th(*y tliink 
nothing of itf In England and Germany house to house visitation has been 
found very useful. J ^ 

Typhus F/xmdhemathus {Spotted Typhus), 

External Cause, — An' animal poison, origin unknown, hut communicable 
from person to person, probably through the excretions of the skin aiul lungs 
floating in th (3 air. Not kiauvii to ho communicated by watcjr or food. Its 
spread and its fatality are evidently connected with overcrowding and debility 

* For eviden(!e as to scurvy, see Pearce and Shaw on the Cholera of the jail at Calient. 
— Madras Medical Journal, .July 18fi3. 

t 1 have taken several points from Mr Dickinson's usefid little pamphlet on the Hygiene of 
Indian Cholera, 1803. 

% Great inipoi*tance ha.s been attached to the meteorologicial condition attending outbreaks 
of cholera ; they do not appear to he very important, except in two or three cases. 

1. Temperature.— A high temperature favours the spread hy increasing the putrefaction of 
the stools, and hy augmenting geuemlly the impurity of the air. When cholera has prevailed 
at a low temperature has been severe at a temxierature below freezing), the diiiikijig water 
has i^ossibly been the cause. 

2. Pressure has no effect. The old observation of Prout, that the air is heavier in cholera 
epidemics, has never been coiifii jiied. 

3. Moisture in /Dr.-Oinihiued with heat, this seems an accessory cause of imporbince pro- 
bably by aiding traiisinissiou. Moisture in the ground, combined with heat of the soil, has 
always been recognised as au aiding cause of great importance. 

A. Dryness of Air seems decidedly to (;heck it. 

5 . Rain sometimes augments, sometimes checks it. This, perhaps, depends on the amount 
oi rain, and on whether it renders tlie drinking water more or less pure. A very heavy rain is 
a great purifier. 

6. Movement of Air. — It is ccitainly worst in the stagnant Jitmospheres, as in the cases of 
all the specific poison.^*. 

7. Electricity is not known to have any effect. This was particularly examined by Mr Lamont 
in Munich, one of the most Celebrated physical iihilosoxdiers of our time, hut with entirely 
negative results. 

8. Oz/one has no effect, either in its presence or absence. (Schultze, Voltotine, De Wethe, 
lismont, Btrambio, Wuuderlic^h.) 
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of body from deficient food. That it can be produced by overcrowding 
is yet uncertain.* The preventive measures may be tlius shortly sumnKid 
up : — Adopt isolationf of patients ; use the freest ventilation (5000 to 6000 
cubic feet per head per hour or more) ; evolve nitrous acid and cUoriue fumes ; 
thoroughly fumigate with sulphurous acid, heat (to 240° iahi’.),| wash, and 
expose to air all bedding (including mattresses) and clothes. This last point 
is extremely important. In fact, it may be said that, for the jirovention as 
well as tn^atment of typhus, the cartlinal metisures .are abundance of pure air 
and pure water. Whenever practicable, treat all typhus jiatients iii ^enta; or 
wooden huts with badly-joined w.alls, not in hosjiitals. Fumigate fents aiul 
scrape and limtnvash huts, and remove earth from time to time from the floors. 
A numbcir of typhus patients should never be aggregated ; they must be 
dispersed ; and if cases begin to sjiread in an hospital, clear the ward, and 
then, if the disease continues, the hospital itself ; then wash with chloride of 
lime, and then limewash or scrape w.alls and floors, and thoroughly fumigate 
with nitrous a(;i(l. It has been often shown that even exposure to weather, 
bad diiit, and insufficient attendance, are less dangerous to the patients than 
tlic aggregation of cases of typhus (see especially j). 353), 

Internal Catitsfis. — A special condition of body is necessary, as in the case 
of smallj)ox, and one attack protects to a gre.at (ixtent from another. The 
iiatuwi of the internal coiulitiou is unkno^vn ,* but general feebleness from bad 
diet, overwork,, exlmustion, and especially the scovbutici taint, greatly increase 
the intensity of the disease in the individual, and perliaps aid its spread. 
These conditions, then, must he avoided. I>ut the strongest and best health 
is no guarantet5 against an attack of typhus. 

• 

Bubo or Oriental Pkujue (Pall Plague in India).% 

• The pi*ev(intivo mciisures should be the same as in typhus, to wliich this 
diseases shows great analogy. The liistory of the plague at Cairo (from which 
it hfis been now banished for many years, siinjdy by improving tlie ventilation 
of the city), 1 1 and the disai)peaiTinco, after sanitary improvements, of tiie Pali 
plague in India, and its recunxmee on the cessation of i)reveiitive measures, 
show that, like tyiffius, the bubo plague is tMisily proven tiT)lo. Elevation, as 
ill so nuiny othi;r specific diseases, has a considorahle effect ; the village of 
Alum Ifagli, near Constantinople (1640 feet above the sea), and freely 
ventQated, has never been attacked ; the elevated citadel of Cairo lias 
generally been spared ; and wlieii llareclona was attacked, the elevated citadel 
also escaped. 

* During the French war of 1870, although there Avaa much crowding, wi’ctcheduess, and 
misery in Paris, and ])articiilarly in iSletz, there was but little typhus ; it was nothing like the 
amount in the first Napoleon’s time (Grellois, Histoire Medicale du blocus de Metis, 1872, 
Chaullard, Acadiiinie de Medicine.) 

*1* By the term isolation, I imply the placing a patient in a separate building, not in another 
room in the same building ; in the case of smallpox, typhus, and scarlet fever, this partial isola- 
tion, though sometimes successful, cannot be aei>endcd upon. If a room must bo chosen in 
the same building, choose the top story, if a room can l>e tljere found. 

X This tempevaLure is perhaps liigher than necessary : I'ecent experiments have shown that 
there is great danger of clian*ing at so high a temijerature. 

§ The Pali plague (Malia Murree), which was most common in Kajpootana, was evidently 
projiagated by the filtliy habits of the iuliabitants (see Kanken and othei-s), and was some years 
ago almost entirely got rid of by sanitary measures. Subsequently, these were neglected, and 
the disease returned. It is now, J believe, again greatly lessened. Hii*sch has pointed out 
that the Pali plague differs from the E^yx>tian plague, in having a marked lung disease, hjuI in 
this it resembles the black death in tiie fourteenth century, with wliich Hirsch, in fact, con- 
siders it identical. 

li Stamm, in Pappenheim’s Beitriige, 1862-3, p. 80. The measures adopted in Cairo were 
levelling some hillocks, which stopped the air fix>m blowing over the city, filing up some 
marshes, and adopting a bettor mode of burial. The peculiar sepulture customs of the Copts 
have indeed even been assigned as the solo cause of the origin of plague. 
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Typhoid or Enteric Fever ^ 

External Cause , — A poison of animal origin ; ono niodo of propagation is ^ 
by the intestinal discharges of persons sick of the liisease ] other modes of 
origin and triinsmission are not disproved. There is doubtless a frequent 
transmission of the disease by the diarrlnea of mild cases which are often not 
diLiguosecL There is some evidence that persons considered convalescent may 
carry the disease,* but it is possible that this may liave been owing to badly 
washed clothes. The mode of entrances into the body is botli by air and 
water. (See x>ages 47 and 127).) Entmnc(i by food (milk) has been lately 
also proved. As means of arresting the disease, isolate the patients ; receive 
all evacuations (heoes and urine) into the vesscLs strictly kept for one sick 
person ; place zinc chloride, or ferrous sulphate, or carlmlic acid, <fec., in tlie 
vessels ; never em])ty any evacuation into a closet, sewer, or cesspool ; bury it 
several feet doe}), and mix it well with eartli. Fumigate, and heat to 240'’t 
Fahr., all (dotlies and bedding. Use nitrous acid fumes in the wards. As 
means of prevention, attend osp('.cially to the purity of the drinking water, 
and to the disposal of sewage ; although the origin of typhoid merely from 
])iitrefying non-typhoid sewage is not considered at preseiit to bo probable, it 
is not disproved, and it is certain that the disease may spread by tlie agency 
of sowers and fjecal dccom}>osition. A single case of typlioid fi'vor should at 
once be held to prove that sonudhing is wrong wdth tliQ Jiiode of gc'tiing rid 
of tlie excretions. If neither water nor sewers can be proved to be in fault, 
consider the milk and other food supjjly. 

lutermd Carnes , — As a lirst attack preserves in a groat moasuro from a 
second, a peculiar condition of body is as essential as in smalli)Ox ; and Jookiiig 
to the special eihict ])rodiicr.‘d on IV^yeFs patches, and to the fact that at the 
period of life when th(.*se iiatchos naturally degenerdh?, the susceptibility to^ 
typhoid f(}ver materially lessens, or oven ceases, it seems possible that tho 
intiU'iial causo or ne(‘Ossary second condition is tlic existeiuje of tliCwSii pfdclies, 
tlio structures in Avhicli aro l)rouglit into an abnormal state of activity by the 
direct or indirect action of tlie ])oison (ui them. The other internal causcis awj 
auytJiing wdiich causes gastro-intestinul disorder, such as l)ad water, and 
general feebleness. 

Relapsimj Fever. 

Xo preventive measures have been yet pointed out, to my knowledge, 
})iit tho occun’enee of the disease in times of famine seems to indicate that 
feebleness and inanition are necessary internal causes. 

llilious Remittent Fevers, 

Under this vague term, a disease or diseases, Avhich in many points are like 
relai)sing fever, but yet are not identical (Marston), have been described as 
occurring especially in l^gypt ((.iriesingcir), and in tho Levant generally. It 
has been lately des(irib(‘d by Drs Marston and l>oileaii| at Malta. Tlie exact 
causes are not kiiovni ; but in some of the writings of the older army surgeons, 
tlui fevers wliich are produced by foul camps (in addition to tyjilioid) appear 
to liave a close resemblance to the bilious remittent fevers of the Medi- 
ttii ranean. They appear to be connected with bad sanitary conditions, but 
their exact causation is not clear, 

♦ Gietl. Die Ursachen der entorisclien Typhus in Miinchen, 1865, pp. 74 and 94. 

+ th'obably 220“ would bo suaicieut il tho tcinperature reached every part. See under Dis- 
INFKCTXON. 

J Army Med. Reports, voLs. iii. and viii. 
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Cerehro-Spindl Meningitis, 

This disoaso, which has occasionally been noticed in France, and especially 
•among soldiers for the last forty years, has within the last few years a]>p<iared 
in several parts of Germany, and a few cases among civilians have occurred in 
England. It seems to depend on a specilic agent, but very little is yet known 
aljout it. It does not ai)pear to be contagious. No preventive measures can 
be at present suggested. 

Hie Eruptive Fevers, 

The method of employing disinfectants in these diseases is noted in the 
cha[)tor on Disinfectants. 

ISmallpox is guarded against in the army by rc])eatiiig vaccination in the 
case of recruits, an<l by occasional re-vaccination of all the men in a riigiment. 
In Dr I>alfour*s stiitistical reports, great attention is always paid to tliis im- 
])ortant j)oiut, and the evidence from foreign armies prove the necessity of 
carid ul re-vaccin ati oil 

If the disease does occur, the use of (ihlorine, iodine, and nitrous acid 
thrown up into the air, should not be forgotten, in athlition to all usual 
measures of isolation* (in sei)arate buildings) ami sanitary appliances. 

IiL the case of scarlet fever and measles, nothing delinifce is known with 
regard to pi*evention, excejit thiit a good sanitary condition seems to iL^ssim 
their intensity, and probal)ly their spread. Tlie evidence with i*egarfl to 
bcilladonna in scar](d fever is (‘contradictory, l)ut on the wliolo iinfavouTal)le. 
Wlien the disease is actually luusent, fuinigaiions, as in smallj)Ox, shoultibe 
used. All the discharges should be disinfected, and the skin well riiblied 
oxoT with camidiorated oil and a littl(5 weak carbolic acicL 

Tlie most dilHcult case is wlitui either mejisles or scarlet fever appears on 
•board sliip, and especially if children are on board. If tluj w'eatlier permit, 
the best plan is then to treat aU patients on the uj^per deck under an awning. 
If this cannot be done (and scarlet fev(*,r ])atients must not bo exjioscul to cold), 
they must be isolated as miujh tus 2 )ossible, and tlie plac(j constantly fumigatcid. 
l>oth in scarlet fevei' Jind smallpox tlmre is some evidemee to ’show tJiat the 
incubative perioel may be very long.t 

Perhaps, in thopr< 3 sent state of evidence, it might bo desiralile to try the 
propliylactic ellects of belladonna on board shi]), directly the first casii occurs. 

Erysipelcis {Ilospital or Epideinic), 

External Game, — It is well known that in the surgical waids of hospitals 
erysipelas occjasionally occurs, and then may bo transniitteil from patient to 
patient. The exact causes of its appearance have not becui made out, but it 
is evidently connected with overcrowding and im})uro air. JMoisture of the 
lloors, causing constant gimt humidity of air, has also bemi supixised to aid 
it. It is much more common in fixed hospitals than in tents and huts, and 
indeed is exceedingly rare in the two Litter cases. Tlie agenci(‘s or agent can 
scarcely be sujiposed to be other than putrefying organic matter and jius ceils 
passing into and accumuLiting in the air. J Tliey or it would aj)])C‘ar to be 
really giiiierated during the proci^ss of sup]niration of wounds, and at present 
the production of a tmnsmissible agent in this way is one of the best oxampl(>s 
we have of the origin of a contagion de novo. It is rcm.arkablc that pus cells 

* Enohanan gives a good example of the advantages of isolation in the case of Cheltenham, 
where smallpox was iiitroduml into the town six times, but, in consetpienoe of proper liosjhtal 
acconiiiioclation for all classes, never made good its footing. 

+ See a case by Bryson (Trans. Soc. Soioiice Assoc. 18«2, p. 677), for a case in which the 
incubative period of smallpox was thirty-one days. In scarlet fever it is sometimes even longer. 

X See page 101. 
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derived from purulent sputa do not cause erysipelas in medical wards, but 
this may be from a want of open wounds to give the necessary personal con- 
dition. ’ 

When hospihil erysipelas has onco appeared in a ward, notliing will avail 
except complete clearance of the ward, scraping the floors, and often the 
walls, washing with chloride of lime, and then with solution pf caustic lime, 
and thorough fumigation with chlorine and nitrous acid alternately. The 
erysipelatous cases should b(} placed in well-ventilated tents. If this cannot 
be done, thim nitrous acid and (diloiine fumigations must bo constantly used 
in the wards, cliarcoal trays l)e placed roiuid the bed of the erysipelatous 
j)atiiuit, and excessive ventihition cmjdoyetl. 

Considei'iiig the undoubted beneiicial influence of tent life, it may be a 
question whether, even in civil life, hospibils which possess gardens should 
not, during the summer, treat their surgical Ciises Avith suj)purating Avounds 
ill tlio tents.* In many continental toAAms the largii hospitals haA^e now 
Avooden Ijarracik-like huts attached to them, in Avhicli the surgical cases are 
treated. 

Of cours(?, extreme carti in conserA'ancy of Avards or tents, th(*. iinniefliato 
removal ol all dressings, gn^at care in dressing Avonnds, so tliiit neithei* by in- 
struments, sponges, lint, or other appliances, pus cells or molecular oi’ganic 
matter shall be inoculated, are matttirs of familiar hospital hygiene. TIk.*, use 
of (jarbolic acid, as introduced by Profess< 3 r Lister, Avill, it is hoped, greatly 
less(in the chanc(3s of sprciad in the case of erysipelas as avoII as of hospital 
gangrene, f 

Internal Games. — ^N’othiiig, I believe, is kiioAvn on tliis point, except that 
theni must be some abrasion or wound of the siuface or of the pjissagfes near 
the surface, as the vagina or throat. The erysi])ohis commences at the point 
of abrasioiL If there is no open wound, the atmospheric impurity seems to • 
liavc no had eftec’t on the jxjrsons Avho are expos(Kl to it, but it Avould be in- 
ter(‘sting to kn(.»w if some forms of internal disesise are not produced. Is it 
possible that some forms of tonsillitis and diphtheritic-like inflammation of the 
throat may be caused in tliis Avay, although there is no solution of continuity ? 

Hospital Gamjrene. 

Almost the same remarks apply to hospital gangrene as to erysipelas. One 
of the most importiint facts AvhicJi has been j^ointed out by many writers, and 
Avliicli has been thoroughly proved by the Aniej*ican and the Italian wars, is 
that j)eifectly free ventilation prevents hospital gangrene. Haminond, the late 
Surgooii-Cieneral of the United States Army, declares}: that only one instance has 
conici to his knoAvledge in which liospital gangrene has origiiiahjd in a wooden 
pavilion hospital, and not one wliich has occurred in a tent. Kraus also, from 
tho experience of the Austrians in 1859, states that it never could he dis- 
coA^ered that gangrene orginated in a tent. On tho contrary, cases of gangrene 
at once commence to improve when sent froiif hofspital wards into tents. On 
tlie other liand, tlie tenacity with Avdiioh the organic matters causing tlio 
gatigreno adhere to Avails is Avell known. 

Tlie nujasuro to he adopted in wards when hospital gangrene occurs, and 

* Sef. Hammond's Hygiene, 1863 ; Kraus' Das Kranken imd Zerstreunngs-System, 1861 ; 
and a Report on Hygiene, by the author, in tlie Army Medical Report, lor 1862, lor the effects 
of tents on erysipelas and hospital gangrene. 

t 1 was informed, in Munich, that Lister's system has completely banished hospital gan- 
grene from that city, and 1 believe the same result has been noticed in other German towns. 
(F. de C.) 

t Hygiene, p. 397, 



NON-SPECIFIC DISEA.SES — BIAKIIITCEA AND DYSENTERY. 491 . 


the ward cannot he at once evacuated, are the same as for erysipelas.* * * § It is 
not necessary to do more than allude to the undoubted traiisfercince by dii-ty 
) sponges, &c., and to the beiielicial elfects of carlmlic acid dressings. 

SECTION IL 

VARIOUS NON SPECIFIC DISEASES. 

DuHiintmj anti Diarrhcea. 

At present there is no evidence that the dysentery arising from various 
causes has different anatomical charactei-s, or runs a different course, excej)t 
perhaps in the case of malarious dysenb^ry. The chief caiistis arii — 

1. Impure Water {\\ 42). — BothArmesley and Twining have directed atten- 
tion to this cause, in their accounts of Indian dysentery. It is scarcely i)Ossi))le 
that, with common attention, this cause should not be discovered and removed. 

2. liujmre Air. — Tht; jiroduction of dysentery and diarrhcea from the 
effluvia of putrefying animal substances is aii opinion as old as Cullen, and 
probably older ; and there seems Utile doubt of its correctness. The gases 
and vapours from sewers also will, in some j)ersons, cause diarrlnea (pages 
127, et aeq.) ; and also elfluvia from tlie foul bilge-water of ships.! the 
other hand, very disagi*o.eable effluvia from many animal substiinces, as in tJie 
case of bone-burners, fat-])oilers, &c., do not seem to cause diarrha-a. In 
India there aj^pears to be a decided redaiion between the prevalence 
of dysejitory and overcrowding and want of ventilation in barracks ; massing 
a largp number of men together is certainly an accessary cause of great 
weight.! 

The air from very foul latrines luis caused dysentery in numerous cases. 
Pringle, and many otlicr army surgeons, record cases. § In war tliis is one 
of the most common caustis. The occasional produediion of dysentery from 
sewjige appliiid to laud, seems to me to be proved by Clouston's observations on 
the caus(js of the attack of dysentery in the Cumberland Asylum (Medical 
Tiinea and Gazette^ June 1865). 8till sewsige matter has been often applied 
in this way without bad effects. In Dr Cloustoii's casii tluj sewage was 300 
yards from the ward where the dysentery occurrcjd. Calm and nearly stag- 
nant nights, or witli a tjentlc movejiient of air from the sewage towards the 
w^ard, were tlie conditions whicdi jmicedctl most of the attacks. 

Of all the organic (iffluvia, those from the <lysenteric stools ai)pefir to ho 
the worst. Some evidence luis been given to show tliat dysentery arising 
from a simple cause (as from exposure to cold and wet), whtm it takes on the 
gfingrenous form, aii<l the evacuations arc very feetid, ])rodiices dysentery in 
those who use the latrines, or uncl(?an closets, into which such gangrcjious 
evacuations are passed. If correct, this is a most interesting point, as it seems 
to show tlie origin of a communicable poison de novo. Possibly, in all these 

* With iTgaixl to pywmia, observations show that one of the external causes is IVetid org.anic 
emanations. Spencer Wells (Med. Times ami Giizette, 182(5) states, that in 1859 the mortality 
from pyasniia was great in bojtio wards over a dissecting room. On removing all the cases alter 
operation to the opposite side of the buihliug, pyaemia abuost disappeared. Other similar 
cases are on reconl. 

t Fonssagrives (Traits d’Hygiene Navale, p. 60) records a good cjise of this kind. It com- 
menced after a gale at sea liad stirred up the bilge, and on clearing it out the attack ceased. 

4: Wood on the Health of European Soldiers in India, 1864, p. 46, ei seq, 

§ Sir James M'Grigor, Vignes (who gives many cases from the French experience in the 
Peninsula), Chomol, Copland ; see also the Die. des Sciences M^d. Art. Dymit^rie. D’Arcet 
(Ann. d'Hygifene, vol. xii. p. 390) records a good case, in which a whole i-eginieiit was alfected 
in the Hanoverian war, from having used too long the some trench os a latrine. The disease 
disapiiear^ W'hen another was dug. 
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cases, effluvia, or organic matters, or j)articles tlisougagod from the putrefying 
evacuations, act at once on t]io anus, and the disciise tlien spreads up by coii- 
tiimity. 

There is some reason, also, to think that retaining dysenteric stools 
in hospital wards spn?ads the disease ; and, perhaps, in this case, the organic 
l)articles floating iij) may bo swallowed, and then act on the mucous membrane 
of the coloiL In tlui (Epidemic of dysentery in Sweden in 1859, there was 
good evideiKte to show that it spread by means of the diarrlia^al and 
dysenteric evacuations. * * * § 

In addition to removal of the sources of all these effluvia, fumigations A\'ith 
nitrous acid and witJi cldorinc should bo jmictiscd in all dysenteric wards as 
in the case of tyjdioid fever, the stools must be mixed with disinfectants, and 
iunneiliately removed from the wards and buried. 

3. Imprup(!r Foot 1. — Any excess in (piautity, anti many alterations in quality 
(especially eomuioncing decomposition in the albuminates, aiul, perha])s, the 
rancidity of tlie fatty substances) cause diarrlioia, wliicli will pass into 
dysentery (see the chapter on Food). l>ut tlie moat important point in this 
direction is the ju’oduction of scorbutic dysentery. A scorbiitic taint plays a 
far more imjiortant part in the production of dysentery than is usually 
imaginod, and t]u;re is now no doubt that the fatal dysentery, wliich fovimu’Jy 
was so ])re valent in the West Indies, was of this kind. Much of the liulian 
dysentery is also often s(;orl)utic. 

4. Exposure to Cold (uid Wet — ^l^xposure to cold, osi>ecia]ly after ( 5 xertion, 
and extreme variations of tem])eratui’e, Jiave been assigned as the chief cause 
of dysentery by numerous writers ; f great moisture ha^} ))een assigm>(l by 
some writejvs (Twining, Aniiesley, (Iriesiiigcu*) as a eauso ; and gre^at dfyness 
of the air by others (Mouafc) ; wliile a tliird class of ohservem have considered 
the amount of mensturo as <[uite iininaterial. 

llirsch,J after summing uj) the evidence with respect to tem])erature with 
great care, decides that suddcui cold after gi*eat heat is merely a “ catesa 
occasional § which may aid the action of the more j)oteiit cause of 
dysentiuy. This, probably, is the true reading of the facts. The amount of 
moisture in the atmosphere would appear to la* a matter of no monasut. 

Although wo caniKjt assign its exact causative value, the occuiTeiice of (diill 
is, of course, as a matter of prudence, to ho carefully guarded against ; and 
espociidly chills after exertion. It is when the body is i)rofusely i)ers])iriiig, 
and is tlien exposed to cold, that dysentery is either produced, or that other 
causes are aided in their action. In almost all hot countries chilling of the 
abdomen is considered particularly hurtful, and shawls and waist-bands 
(kumiiiorbund of India) are usually wom.|| 

* British and Foreigii Med.-Cliir. Rev. Jan. 1866, p. 140. 

+ A fo\y only can he noted ; Stoll, Zinnnenuann, Hnxliam, Dnrancleau, Willan, Irvine, Janies 
Johnson, Annesley, Barnpliehl, Morehead, Vignes, Fef*gusson, &c. Fergusson says — “True 
dysentery is the oirsining of heat and moisture ; of motst cold in any shape after excessive heat. 
Kothiug tliat a man can put into liim would ever give him true dysentery.” 

Ij: H.'indbuch <Ier Historisch-Geograph. Pathol, band ii. p. 234. 

§ The so-CiilJed “liill diarrlifca,” wliich was formerly prevalent on some of the hill sanitaria 
in India, especially on llic spurs of the Himalayas, has been attributed to the efliiet of cohl 
and moistuiv, and suddem changes of temperature. But, as remarked by Dr Alexander Grant, 
many hill stations have these atmosidieric conditions without having any hill diariinea. 1 
learn from some gentlemen who have paid much attention to this subject, that there is great 
reason to supj>ose the hiJl diarrhiea to he cTitirely unconnected with cither elevation or climate. 
In some cases it lias been clearly caused by bad water, jiossibly by suspended scales of mica 
in the water (see page 40) ; in otlior cases, its exact causes remained unexplained. Of late 
years it has lessened m amount at all stations, and will probably disappear. 

It It is a remarkable circumstance, that in temperate climates the most common months for 
dysontenc epidemics are the liot months— June to September. Taking North America and 
Noiiiheni and Western Europe, Hirsch has assembled 546 outbreaks. Of these, 176 occuired 
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5. Malaria has been assigned as another cause ; and it was noticed, especmlly 
hy the older writers, that the dysentery Wiis then often of the kind temied 
^ “ Dysenteria Incruenfa " — the stools being copious, serous, and with little 
blood ; in fact, a state somewhat rest3mbling cholera. 

Very gi‘efit difference of oi)inion has prevailed in regard of this opinion.* 
Possibly the ‘‘ malarious dysentery ” is in part connected with tlie use, of 
marsh water. More evidence is desirable, certainly, witli regard to this 
point ; ])ut it seems probable, from the observations of Annesloy and Twining, 
that marsh water has an effect in this direction. 

Liver Diseases {Indian). 

The production of diseases <jf the liver is so obscure, and so many states of 
hepati(3 disoixler are i)Ut together under the term “ hepatitis,"' that it is 
im]K)ssible to treat this subject properly without entering fully into the 
Cjiu^stion of causes. But, as this could not be done here, I must content 
mys(‘lf with a short summary of the preventive measures which api)ear to Ijc 
of the greatest importance. 

I have long been convinced that many cases of liypenemia, bilious conges- 
tion, and culargeiuent of the liver, with increjise of (icll-growth and connective 
tissue (but without tendency to abscess), and (uilargeimuit and partial fatty 
deg(Ui(f ration of the liver cells, are caused simply by diet.t 1 had a good 
o]>j)ortuuity of observing this on landing in India in 1842 with an European 
regiment, J and th(i exporienco of inorethan twenty yeiirs hits made me cerbiin 
that the observation was correct. 

Yoiy similar opinions have been oxi)rossed by Macnainara,§ and Xorman 
Chevers has also pointedly alluded to this subjc<;t.|| 

Tlie supjdy of food supjdied to the soldier in Inrlia h^us on*ed in two ways : 
it is too.iiiucli in quantity, especially when the amount of exercisii is limited. 
Alacnainara has calculated that each Eiiropofin soldier in Bengal consiumjd (at 
the time he \\Toto in 1855) 7G ounces of solid {i,e., water containing) food 
daily, so that there must have been an excess of all tlie dicitetic princij)les. 
Th(3U, in evruy case, there was added to this a very large amount of condi- 
ments (spic(3S and pojq)ors), articles of diet which ar(3 fittt^d for th(3 rio(3 and 
V(3getable diet of the iiiiulu, but are particularly ol)j(M;tional)lc for Europeans. 
In the West Indies, where the diet has never b(3en so rich in condiments, 
liver disfiases have always l)(?en comparatively infrequent. 

Some ordcirs for improving tlu3 cooking in India were issmxl by Lord 
Stratbnairn, and if these are earned out, and if nuHlical ulli(joi‘s would 
thoroughly investigate the quantity of food taken by the men, and compare 
it with their work, and examine into the cooking, it is quite cerbiiii that many 
cases of dyspepsiii and hepatitis would he prev(3nted. 

In cases not simjdy of hy 2 :)ermmia and bHious congestion, but of abscess, it 
is jirobable that a ce,rtaiii niimher are consecutive to dyseutesry, and are caused 


in summer ; 228 in summer and antumn ; 107 in autumn; only 16 in spring ; ami 19 in winter. 
This does not look as if cold had any eliwt. The heat of snminer is far moie iiiHuential. 

* The very varying opinions are given very fully by Ilirsch. Morehead's great authority is 
altogether against the presiiined action of malaria ; hut possibly here, as in many other oases, 
we idiall have to draw a coiiinlete distinction between maianous and non-malariotis dysentery. 

4 In the ^eat and admiratde works of Ranald Martin and Morehead, the influence of diet in 
producing 1 iver affections, though alluded to, has been pa.ssed over much too lightly. Annesley, 
on the other hand, has fully recognised the immen.se influence of diet (vol. i. p. 192). 

t Remarks on the Dysentery and liepatitis of India, by E. A. Rarkes, M.R., 1846, p. 228. 

§ In(liau Annals, 1855. Dr Macnamara found a most extraordinary amount of fatty de- 
generation of the liver. 

II Health of Eiii-opean Troops in India, Indian Annals, 1S58, p. 109 ; it is particularly recom- 
meuded that this chapter should be careiully penised. 
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by the absorption of putrid maters from the intestine,* wliieh are arrested by 
the liver, and there set up suppumtion. Thei*e is no true pya?iiiia or in- 
flammation of the vena portm as a rule. When caused by phlebitis or special 
ttirection of the vena porke, the suppuration is in the course of the vena portm, 
or at any rate commences there. The reason why some cases of dysentery 
cause abscess and others do not, is uncertain. The prevention of this form 
of abscess is involved in the prevention of dysentery. 

In othiii* cases of absciiss, however, there is no antecedent dysentery, but 
there are collections of ])us or foetid debris somewhere else, which act in the 
same way by allowijig absorption. There are, however, otlier cases in which 
no such causes hav(^ been pointed out, and the gencjsis of these cases 
of abscess remains (piite ol)scure. Much effect has been attributed to tlie in- 
fluence of sudden changes of temperature ; to the rapid supervention of an 
exceedingly moist and compai^itively cold air on a hot season, whereT>y the 
profuse ac.tioji of the skin is suddenly checked ; and to the influence of 
malaria. P>ut the extinoidinary disproportion of cascjs of abscess in different 
l^arts of tlui world seems to negiitive all these surmises. 

One fact secmis to come out clearly from Dr Waring's observations, viz., 
that i-ecent aiTival in India is favoumblc to the occurreiuje of ahs<iess, and tliat 
(all kinds of abscesses being put together) 50 j)er cent, occur in men under 
three years^ service. Ko lengdh of residence, Jiowever, confers pm-fect im- 
munity. It would 1)0 very important to detennine wJietlier thcj eilect of 
recent arrival is marked, both in cases of abscess consecutive, and in those 
anterior, to dysentery. 

It is possible, also, that some entozoic influence may he at work, es})ecially 
in some jiarts of India, and hydatid disease of the liver or other diseases'of the 
same class may ho more common than is supposed. 

In th() absence of perfect knowledge, gi'eat care in preserving from chills, 
aiul proper diet, arc the only i)reveiitivo measures which can he suggested for 
])rjniary hej)atic ahsexiss. 

Insolation, (Seepage 431 

Under this convenient term, a number of cases are put togetlior whic.h seem 
to bo pi’oduced by ojie or more of the following causes ; — 

Kxlanial Causes. — 1. Direct rays of the sun on theliead and spine. Adopt 
light cov(?Tiiigs, covered with white cotton ; permit a gooil current of air be- 
tween the head and the covering, and use a light muslin or cotton rag, di])ped 
in wat(ir, over the head under the cap. 2. Heat in the sliade, comhined 
especially with stagnant and im2)ure air. In houses (and men liave been 
attacked Svitli insolation ])oth in tents find hamicks) juoans i in always bo 
taken to move the air, and thus keep it pure, even if it cannot he cooled. In 
tents the lieat is often f3Xce(Mtingly great, simply from the fact that tliere is 
not sufficient movement of air ; in the tropics a simple awning is much bettor 
than baits, and if the fiwiiing is sloped a little, ’the top of the slope being 
towards the north, the movement of air will lie more rapid than if the canvas 
1)0 <piite flat Ihit in the dry season, in the tropics, the men should sleep in 
tlie open air in all non- malarious districts, wlien they are on the marcli or in 
campaigns. 

The, general proi)hyl}ixis lias been thus summed up by Professor Maclean 
(“Jieyiiolds’ Syskm of Med.,” voL ii. p. 157) Men will hear a liigh 
^mx)tiratiuu in the open fiir with comparative impunity, })rovidod (a) it is iiot 

♦ It is, however, renmykable how many eases of dysentery occur without produciiiff hepatic 
abscess ; stul our ^^eneral knowledire of the causation of disefise makes it highly probable that 
dysentery acts in this way. Is it the sloughing dj-sentcry which is followed by hepatic abscess? 

t 
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too long continued ; (h) that the dress bo reasonably adapted to the tempera- 
ture ; (c) that the free movement of the chest be not interfered witlu” 

• IntfnTial Causes , — It is only known that spirit drinking, even in moderation, 
powerfully aids the external causes of insolation ; oven wine and beer probably 
liave this effect. Tea and coffee, on the other hand, probal)Jy lessen tlio 
8us(ieptibility. 

A full habit of body, or any tendency to fatty heart or em])hysematous 
lungs, have been supposed also to predisposa 

It seems certain that any embarrassment of the pulmonary circulation aids 
the action of the heat, and therefore the most perfect freedom from belts and 
tight clothes over the chest and neck is essential. 

Groat exhaustion from fatigue aids the action, either from failure of the 
heart's action or want of water. In tliis case diffusible stimuli, such 
as ammonia, tincture of red lavender, tincture of cardamoms, &c., with strong 
coffee, are the best preventives. Spirits should not be given unless the ex- 
haustion be extreme, and the diffusible stimuli cannot be obtained. A small 
quantity in liot water may then be tried. 

Cold baths, and esj)ecially cold douching to the head and spine, are most 
useful as preventive as well as curative measures. 

Phthisis Pvlmonalis, 

In respect of causes, wo must distinguisli tliose usually rapid cases of tuber- 
culosis which arise from hereditary constitutional causes, or from the inilu(*-nce 
of exanthemata (especially measles), or of typhoid, or otlier fevers, and which 
run their course with implication of seveml organs at an early stage, and the 
more clifonic fonna of ])hthisis, in which the lung in adults is the first se^it of 
the disease, and other organs are secondarily aff(5cted. Sev(,*ral distinct 
diseases are confounded under the one term of phtliisis, and it is therefore not 
possible at presmit to trace out their pnicise origin. 

Taking only the common cases of subacute or chronic jdithisis, it lias been 
already intimated that most European armies have been foiiml to furnish an 
undue proportion of such casea* 

A few years ago much influence was ascribed to food as a cause of phtliisis ; 
tlie occurrence of a sort of dyspepsia as a forerimii(»T (tliougli this does nob 
seem very comnioii), and the great effect of the treatment by dicit (by cod-liver 
oil), seemed to show that the fault lay in some peculiar malnutrition, which 
affi'cted the blood, and through this the lungs. 

Probably there is trutli in this ; but of late years the effects of conditions 
which influence immediately the pulmonary circulation and th() lungs tlnmi- 
solves have attmeted much attention. The effect of want of exercise (no 
doubt a highly complex cause, acting on both digestion and circulation), and 
of impure air, have beeji found to be very potent agencies in causing plithisis, 
and conversely, the conditions of prevention and treatment which have si^emed 
most useful are nutritious food and proportionate ^eat exercise in the free and 
open air. So important has the last condition proved to he, tliat it woulil 
appear that even considerable exposure to weather is hethu* than keeping 
phthisical patients in close rooms, provided there be no bronchitis or tendency 
to pneumonia or pleurisy. 

Thnio points, then, are within our control as regards phthisis — arrangement 
of food, exercise, and pure air. 

* See p. 123, and the Sections on Homo and Foreign Service. There are two valuable piecfs 
of evidence of phthisical and scrofulous disease being developed in a healthy population from 
impure air, viz., Mr Morgan’s essay on Phthisis on the West Coast of Scotlaiid (Brit, and 
For. Med, Chir. Rev.), and the analogous case of Western Canada, given by Mr Mackeleavo 
(Medical Times and Gazette, Aug. 1SG8). 
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Tliat food should contain a good deal of the nitrogenous and fatty principles 
if phthisis is apprehended. Milk has been long celebrated, and lately the 
koumiss of Tartary has obtained a great reputation in Itussia as an agent of' 
cure.* 

Exercise is of the greatest importance, and it would seem quite clear that 
this must he in the open air. Tlie best climates for phthisis are perhaps not 
necessfirily the equal)lo imes, but those which permit the greatest number of 
hours to be j)assed out of tlie house. 

In the house itself, attention to thorough ventilation, Le.y to constant, 
though iTnperc(?ptiblc movement of the air, is the point to be attended to. 

In the case of soliliors, it must also be seen that no weights or straps impede 
the oircuJ/jtion of blood through the lungs and heart. 

The effect of a wet subsoil in the causation of phthisis (see p. 331 for 
r>uchanan’s obs(;rvations) must not bo overlookecL Wliatover may be the 
exact nniouiit of truth, we ai*e bound to jmt as if it were certain. 

That tliG syphilitic disease of the lungs has sometimes a conqdetely phthisical 
character is tolerably clear, but sypliilis will not account for the amount of 
jdithisis in the anny. The influence of masturbation in 2 )rodiiciiig phthisis is 
uncortfiin. 


* Smrvy. 

The peculiar state of malnutrition we call scurvy is now known not to b('. 
the consecjueuce of general starvation, though it is doubtless grejitly aided by 
this. Mon liave been fed with an amount of nitrogenous and fatty food 
suirieieiit not only to keej) tliem in condition, hut to cause them to gain weight, 
and yet have got scurvy. The starches also have been given in (juito suflicient 
amount witliout j)rcveniing it. It seems, iudecjd, clear that it is to the 
alisoncc of some of the constituents of tlio fourth dietetic group, the salts, that 
■we must look for the cause.! 

Facts s(H;m to show with certainty that in tlie diet wliich gives scurvy 
there is no deficiency of soda or of iron, lime, or magnesia, or of chloride of 
sodium, iS^or is the evidence that salts of potash or phosphoric acid an? 
deficient at all satisfactory. And when we think of the quantity of 
idiosphoric acid which must have been supjdied in many diets of meat, and 
cereal ia, wliich yet did not prevent scurvy, it seems very unlikely that the 
ahs(uice of tlie phosphates can have anything to do with it.J 

Tlie same may he said of sulphur. Considering the quantity of meat and 
of Icigumiuoste which some scorbutic patients have taken, it is almost impos- 
siblt? that deficiency in sulphur should have been the cause. 

]>y exclusion, we are led to the opinion that if the cause of scurvy is to be 
found ill deficiency of salts, it miiat be in the siilts whose acids form car- 
bonates in the system. For, if we are right in looking to a deficiency in the 
fourth class of alimentary jirinciides as the cause of scurvy, and if neither the 
absence of soda, potash, lime, magnesia, iron, sulphur, or phosphoric acid can 


* It is now a goo<l deal used in this country. 

t For a good deal of evidence np to 1848,^ I heg to I’cfer to a review I contrihiited on 
Scurvy to the British and Forei^i Medico-Cliirurgi«?al Review in that year. Tlie evidence 
since this period has added, I l>elieve, little to our knowledge, except It) sliow that the preser- 
vative and curative powers of fresh meat in large quantities and especially raw meat (Kane’s 
Arctic Expedition), will not only prevent, but will cure scurvy. Kane found the raw meat of 
the walrus a certain cure. For the most recent evidence and much valuable information, see 
The Keport, of the Admiralty Committee on the Scurvy which occurred in the Arctic Expedition 
of 1 875-fJ ( Blue-Book, 1877). 

J Professor (ralloway of Dublin, and Mr Anderson of Coventry, have lately written pam- 
phlets urging the claims of potash and phosphoric acid to attention, but without bringing any 
fresh evidence of sulBcient importance to support their views. 
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bo the cause (and it is probable it is not so), tben the only mineral ingiedienfcs 
which remain are the combinations of alkalies with those acids whicdi form 
carbonates in the system, viz., lactic, citric, ajetic, tartaric, and malic. That 
these acids are most important nutritional agents no one can doubt. The salts 
containing them are at first neutral, afterwards alkfiline, fi*om their conversion 
into carbonates j they thus play a double part, and moreover, when free, and 
in the presence of albumen and chloride of sodium, these acids have peculkir 
powers of precij)itating albumen, or perhaps of setting free hydrochloric acid. 
Whatever may be their precise action, their value and necessity cannot be 
doubted Without them, in fact, one sees no reason why there should not 
be a continual excess of acid in the system, as during nutrition a continual 
excess of acids (phosj>horic, sulphuric, uric, hi|)puric) is produced, sufficient, 
even when the salts with decomposable acid are supplied, to render all ex- 
cretions (urinary, cutaneous, intestinal) acid. The only mode of 6upj)lying 
alkali to the acids formed in the body is by the aijtion of the phosphates, 
which is limited. The only manufacture of alltali in the body is the formation 
of ammonia, so that these salts arc most important asantacuds. Yet it is not 
solely the absence of alkali which jjroduces scurvy, else the disefise would bo 
prevented or cured by supjjly of pure or carbonated allcalies, which is not the 
case. 

When, in pu issuing the argument, Ave then inquire whetluir there is any 
l)roof of the dcticiencyof these imrticular acids and salts from the diets which 
cause scurvy, we find the strongest evidence not only that this is the case, 
but that their addition to the diet cures scurvy witli great cerkiinty.* They 
will not, of course, cure coincident starv^ation arising from deficiency of food 
generally, or the low intercurrent inflammations which occur in scurvy, or the 
occasionally attendant pu3*])ura, but the true scorbutic condition is cured 
♦with certainty. 

Of the five acids, it Avould appear unlikelj’^ that the lactic should be tlio 
most efficacious. If so, how is it that in starch food, during the digestion of 
Avhicli lactic acid is probably formed in largo quantities, scurvy shouhl occur? 
Is, in such a case, au alkali necessary to insure the change of the acid into a 
carbonate] Hoav is it that scurvy will occur with a milk diet, though, 
doubtless, milk is a good, though not perfect preservative ] 

Vinegar is an old remedy for scurvy, and acetic acid is known to be both 
a preventive of (to some ext(uit) and a cure for scurvy. Ihit it has always 
been considered much inferior to both citric and tartaric acids. PossLl)ly, as 
in the case of lactic acid, an alkali shoidd he su2:)plied at the same time, so 
as to enable the acid to be more rapidly transformed. 

Tartaric, and especially citric acids, when combined Avith alkalies, have 
always been considered to be the antiscorbutic remedies, iiar excellence^ and 
the evidence on this point seems very complete.! 


* This was most clsarly shown in tlio last Arctic Expeditiofc (1875-6). The rations on hoard 
ship during winter were ample, containing dried potatoes and otlier vegetables, preserved vege- 
tables, pickles, bottled fruit.s, vinegar, and a daily ration of lime juice, besides raisins an<l 
currants. In the sledge expeditions all tliese were cut off except two ounces of preserved 
potatoes, an inadequate ration under any circnmstances. The meat was pemmican and bacon, 
and there was, of course, no fresh bread. The result was, that this imperfect diet, conjoined 
with most lal^rious work, produced a severe outbreak of scurvy which nearly proved fatal to 
the whole party. The rapidity with which the sick recovered, on being supplied with lime 
juice and more favourable diet, was noticeable (see Report, op. cit.). 

f It is based on a very wide experience, and should not be set aside by the statements of 
men who have seen only three or four cases of scurvy, often complicated, which happen not 
to have been benefited by lemon juice. The progress of preventive medicine is checked by 
assertions drawn from a very limi^ experience, yet made with gi-cat confidence. We must 
remember tbat many cases of scurvy are complicated— that the true scorbutic condition, inani- 

2l 
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Of malic acid little is known as an antiscorbutic agent, but it is well 
worthy of extended trials. 

Deftciency of fresh vegetables implies deficiency in the salts of these acids, 
and scurvy ensues with certainty on their disuse. Its occurrence is, however, 
gi*eatly aided by accessary causes, especially deficiency in food generally, by 
cold and wet, and mental and moral depression. 

Tlie preventive measures of scurvy arcj, then, the supply of the siilts of 
citric, tartaric, acetic., lactic, and malic acids, and of the acids themselves, and 
jjerhaps in tlie order here given, and by the avoidance, if it can be done, of 
the other occasional causes. 

Experience seems to show that the supply of these acids in the juices of 
the fresh succulent vegetables and fruits, especially the potato, the cabbage, 
orange, lime, and grape, is the best form. But fresh* fruits, tubers, roots, and 
leaves are better than seeds. The leguminoste, and many other vegetables, 
are useless. 

Fresh, and especially raw meat is also useful, and this is conjectured to be 
from its amount of lactic acid ; but this is uncertain. 

The dried vegetables are also antiscorbutic, but far less so than the fresh ; 
and the experience of the American War is not so favourable to them as 
might have been anticipatecL Do the citric and other acids in the drietl 
vegetables decompose by heat or by keeping ] It would be very desirable to 
have this (question settled by a good chemist. We know that the citric acid 
in lemon juice gradually decom])oses. It does not follow that it should be 
quite stable in the dried vegetables. 

The measures to be adopted in tihie of war, or in prolonged sojourn on 
board ship, or at stations where fresh vegetables are scarce, are — * 

1. The sup})ly of fresh vegetables and fruits by all the means in our power. 
Even unrij)e fruits are better than none, and we must risk a little diarrhoea' 
for the sake of their antiscorbutic properties. In time of war eve^y vegetable 
should be used which it is safe to use, and, when made into souj)S, almost all 
are tolerably pleasant to eat. 

2. The supply of the dried vegetables,* especially potato, cabbage, and 
cauliflowers ; turnips, parsnips, &c., are perhaps less useful ; dried piias and 
beans are useless. As a matter of precaution, these dried vegetables shouhl 
be issued early in a campaign, but should never supei*sede the fresli 
vegetables. 

3. Good lemon jidco should be issued daily (I oz.), and it should be seen 
that the men take it. 

4. Vinegar (J oz. to 1 oz. daily) should be issued with the rations, and used 
in the cooking. 

5. Citrates, tartmtes, lactates, and malates of potash, should bo issued in 
bulk, and used as drinks, or added to the food. Potash should be selected 
as tlio base, as there is seldom any chance of the supply of soda being 
Icsseneti. The easiest mode of issuing these isalts would be to have packets 
containing enough for one mess of twelve men, and to instruct the men how 
important it is to place them in the soups or stews. Possibly they might be 
mixed with the salt, and issued merely as salt. 


tion, and low inflammation of various organs, lungs, spleen, liver, and muscles, maybe all 

S resent at the same time. (See also page 325, footnote.) See also paper by Dr Ralfe, of the 
eamen’s Hosx)ital. (1877. Reprinted from the Lancet.) 

* I^bably dried fruits, such as raisins and currants (which contain some acid and vegetable 
salts) are useful as antiscorbutics. The American penimican contains them, and men are said 
to live upon it for months together without suffering from scurvy. It api^rs to have been 
that kind of pemmican on which the crew of the Polaris lived, who drifted on an iceberg for 
six months. Other dried fruits, such as apples would probably also be efficacious. 
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Military Ophthalmicu 

Tlie tenn “military ophthalmia is often applied particularly to that 
disease in which the peculiar grey granulations form on the palpebral con- 
junctiva. But any severe form of purulent ophtlialmia spreading in a regi- 
ment is often classed under the same heading. Diseases of the eyes are a 
source of very considerable inefficiency in the army, and even a casual visitor 
to the Eoyal Victoria Hospital must be struck by the large number of men he 
will meet with who have some affection of the eyes. A reference to the 
Army Medical Keports will also show what great attention is beirig paid to 
this important subject by military surgeons, especially by my colleague, 
Profiissor Longmore.* 

Epi<lemi(js of military ophthalmia (grey or vesicular granulations, and 
rapid purulent ophtliahnia), seem to have been uncommon, or perhaps 
unknown, on the large scale in the wars of the eighteenth century. 

The dis(iase, as we now see it, is one of the legacies which Napoleon left 
to the world. His system of making war with little intermission, rapid 
movements, abandonment of the good old custom of winter quarters, and 
inttirmixture of regiments from several nations, seem to have given a great 
sprciiid to the disease, and though the subsequent years of peace have greatly 
lessened it, it has prevailed more or less ever since in tlio French, Prussian, 
Austrian, Bavarian, Hanoverian, Italian, Spanish, Belgian, Swedish, and 
Eussian aniiies, as well as in our own. It has also been evidently propagated 
among the civil population by the armies, and is one more heritage with which 
glorious war has cursed the nations. 

In »ome cases, as in the Danish army, it lias been absent till manifestly 
introduced (in 1851) ; in other instances it has been supposed to originate 
• spontaneously from overcrowding and foul barrack atmosphere, and from 
defective arrangements for ablution, f Hero, as in so many other cases, we 
find that the question of origin de mvo^ however important, need not bo 
mixed up with that of the necessary preventive measures. What is important 
for us is to know — first, that it is contagious, that is, transmissible ; and, 
secondly, that if not produced, its transraissibility is singularly aided by bad 
barrack accommodation. 

The measures to be adopted if military ophtlialmia prevails — 

1. Gwd Ventilation and Purity of the Air , — In the Hanoverian anny, 
Stromeyer reduced the number of cases in an extraordinary degrae, simply 
by good ventilation. The only explanation of this must bo that the dried 
particles of pus and epithelium, instead of accumulating in the room, wei*e 
carried away, and did not lodge on the eyelids of the healthy men. The 
^evolution of ammonia from decomposing urine has also been assigned as a 
cause, and this would be also lessened by good ventilation. 

It would appear likely that bad barrack air predisposes to granular con- 
junctivitis -by producing some peculiar state of the palpebral conjunctiva and 
glands (Stromeyer and Frank), and if a diseased person then introduces tho 
specific disease, it spreads with great rapidity, or possibly, as Mr Welch’s 


* Ophthalmoscopes are now issued to the different stations, and an Ophthalmoscopic Manual 
has been drawn up by Mr Lon^more for the use of army medical ollicei’s. As giving a good 
suiwey of military ophthalmia m the British army, the excellent papers of Dr Frank (Army 
Medical Report for 1860) and Dr Marston (Beale's Archives) should be also refemd to. A 
very interesting paper has also been published by Mr Welch, 2*^ raiment (Army Medical 
Report, vol. v. p. 494, 1865), on the Causes aiding the Development of Granulations at Malta. 
A warm, moist, impure atmospliei-e is shown to have a great influence. 

+ See Dr Frank's papers (Army Medical Report for 18^, p. 406) for some remarks on its 
spontaneous origin. 
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facts seem to show, the impure atmosphere is the great cause, and contagion 
only secondary. 

2. Careful Ablution Arrangemenis , — ^An insufficient supply of water for 
cleansing basins, and the use of the same towels, are groat means of sprciading 
the disease, if it has been introduced. Whenever men use the s«ame basins, 
they should bo taught to thorougldy cleanse them ; and it would be well if, 
in every military ablution room, the men were hiught not only to allow the 
dirty water to run away, but to refill the basin with water, which tlie next 
comer would let off before filling with fre^h water for himself. If some 
mechanism could be devised for tliis, it would be very useful. The same 
towel is a most common cause of propagation ; or a diseased man using always 
the same towel may reinocuLate liimself. The towels sliould be very 
frequently washed (probably every day), and should be dried in the open air, 
never in the ablution room or barrack. 

In some wises special ablution arrangements may caus(3 a good deal of 
granuLir conjunctivitis. In 1842 and 1843 I vdtncssed, in a regiment newly 
landed in India from Enghind, a very great number of cases of this kind ; the 
supply of water was very insufficient, many men used the Sfime basins, which 
were very imperfectly cleaned ; the same basins wore used for wasliing, and 
also for dyeing clothes ; at that time the men in the cold months wore 
trousers of a black drill, and Avhen the dye came olf they were accustomed to 
rudely rejdace it ; they themselves ascribed the very })re valent ophthalmia to 
the irritating effect of the particles of the dye left in the basins, and getting 
into the eyes. There were enormous granulations on both upper and lower 
lids, and the disease was believed to be communicable, but whether the 
affection was strictly to bo classed with the vesicular giunuhitions I *do not 
know. 

3. In some cases the use of the bedding (pillows and pillow easels), wliich ' 
has been used by men with grey granulations, has given th(j disease to others, 
and this lias especially occurrcid on board transports. In time of war 
es})ecially this should bo looked to. If any cases of ophtliahnia have occuirred 
on board ship, all the pillows and mattresses should be washed, fumigfited, 
and thoroughly aired and beaten. The transference has been in this case 
direct, particles of pus, &c., adhering to the pillow and mattresses, and then 
getting into the eyes of the next comera 

4. Immediately the disease presents itself, the men should be completely 
isolatwl, and allowed to have no communication with their comnides. It has 
been a great question whether a Govemittent is justified in sending soldiers 
home to their friends, Jis the disease has been thus carried into previously 
healtliy villages. It would seem cletir that the vState should bear its own 
burdens, and provide means of isolation and perfect cure, and not throw tho 
risk on the friends and neighbours of the soldier. 

An important matter to remember in connection with grey granulations 
is, that relapses are very frequent ; a man once affected has no safety 
(Warlomont) ; simple causes of catarrh and iiitiammation may then reinduce 
the specific grey granulations with their contagious characters ; so that a man 
who has once Imd the disease is a source of danger, and should be watched. 

Venereal Diseases in the Army, 

It is convenient for our purpose to put together all diseases arising from 
impure sexual intercourse, whether it be a simple excoriation which has been 
inoculated with the natural vaginal mucus or with leucorrhoeal discharges, and 
which may produce some inguinal swelling, and may either get woh in a few 

i 
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days or last for several days ; or whether it he an inflamiriation of the urethra 
produced by specific (or non-specific ? leucorrhoeal ?) discharge ; or whether it 
be one of the forms of syphilis now diagnosed as being in all probability 
separate and special diseases, having particidar courses and terminations. 

. In the army men enter the hospital from all these causes, and from the 
remoter effects of gonorrhoea or syphilis, orchitis, gleet, stricture, bladder and 
kidney affection j or syphilitic diseases of the skin, bones, eyes, and internal 
organs. 

The gross amount of inoflBlciency in the army is tolerably weU known, but 
it will require a few more years before the several items of the gross amount 
are properly made out. lliis arises partly from an occasional great difficulty 
in the diagnosis of true infecting syphilis, and partly from a want of 
uniformity in nomencLatura 

The comparative amount of army and civil venereal diseases is not kno'wn, 
because we have no statistics of tlie civil amount. It is no doubt great. It 
is a ciuestion whether a large imijority of the young men of the upper and 
middle classes do not suffer in youth from some form of veneiml diseases. 
In the lower classes it is perhaps equally common. 

The seqTiences are most serious ; neglected gleet, stricture, secondary and 
tertiary syphilis, are sad prices to pay for an unlawful (in some cases a 
momentary) gratification ; and in the ^mny the State yearly suffers a large 
pecuniary loss from inefficiency and early invaliding. In campaigns the 
inefficiency from this cause has sometimes been great enough to alarih the 
gon(u*als in command, and to increase considerably the labour and sufferings 
of the men who are not affected. 

The^preventive measures against venereal diseases are — 

1. Goutmerice. — The sexual passion in most men is veiy strong. 

•Providence has, indeed, made it strong enough to lead men to defy all dangers, 
and to risk all consequencea It has been supposed by some that, in early 
manhood, continence is impossible, or if practised, is so at the risk of other 
halnts being formed, which are more hurtful than sexual intercourse, wth all 
its dangers. Jlut this is surely an exaggeration ; the development of this 
passion can bo accelerated or delayed, excited or lowered, by various measures, 
and con tin once becomes not only possible, but easy. 

For delaying tlie advent of sexual puberty and desire, two plans, in addition 
to the restraints of religious duty, can be suggested — absence from exciting 
thoughts and tcmi)tation, and the systematic employment of muscular and 
mental exercise. The minds of the young are often but too soon awakened 
to such matters, and obscene companions or books have lighted up in many a 
youthful breast that feu-d^enfer which is more dangerous to many a man tlian 
the sharpest fire of the battlefield would be. Among young soldiers this is 
especially the case ; while, in spite of the exciting literature of the day, and 
nf the looseness of some of the older boys at the public schools, or at the uni- 
versities, the moral tone of the young gentlemen.^of our day is better than it 
was some lialf century ago, the conversation of tlie classes from which the 
soldier is drawn is still coarse and lewd as in the middle ages. There is too 
close a mixture of the sexes in the English cottages for much decency, and the 
young recruit does not often require the tone of the barrack to destroy liis 
modesty. In fact, it is possible that, in good regiments, he will find a liigher 
moral tone than in the factory or the harvest field. 

Wo must trust to a higher cultivation, and especially to religious inlluenccs, 
to introduce among the male youth of this nation, in aU its grades, a purer 
moral tone, so that the safegu^ of modesty and religious scruples may bo 
cultivated, and not destroyed. In the army, the example of the officers, and 
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their exertions in this way, would do great thingsj if we could hope that the 
high moral tone which happily exists in some cases could inspire fill. 

If exciting and lewd conversation and thoughts should he discouraged by 
moral and religious teaching, it is not the less necessary to save the young 
from temptation. The youth of this nation are now sorely tempted, for in 
our streets prostitution is at every comer. Wliatever may be the objection 
to police regulations, wo have surely a right to demand that the present system 
of temptation shall be altered. It may not be easy to exclude all prostitutes, 
especially of the better class (whose calling is less easily brought home to 
them), from public thorouglifares, but, practicfilly, open prostitution can be 
recognised and made to disappear from our streets. It has been said our police 
regulations are sufficient for this ; they have never yet proved so ; and in no 
European country but England is prostitution so open and so undisguised,* 

In the Acts passed in 1864, f 1866, and 1869, and in the Licensing Act of 
1872 (Acts of the greatest importance, as the first steps in an efficient legisla- 
tion), authority lias been now taken to prevent prostitutes from assembling 
in the publichouses, and to a certain extent sources of temptation have been 
removed. 

If young men can thus escape an appeal to their passions, continence is 
much more easy. There are times when the strictest virtue may well dread 
such an appeal. Human nature is but too weak, and needs every safeguard 
it can get. 

As aids to continence, great physical and mental exertion are most j)owerfuL 
It would seem that, during great exercise, the nervous energy is expended in 
that way, and erotic thoughts and propensities are less prominent ; ^so also 
vith mental exercise, in perhaps a less degree. The establishment of athletic 
sports, gymnasia, and coinfortable reading-rooms in the army, may be expected 
to have some influence, ' 

Temperance is a great aid to continence. In the army, the intemperate 
men give the greatest number of cases of syphilis ; and wlien a man gets an 
attack, it is not infrequently found tliat he was drunk at the time. 

. . The measures which promote continence are then — 

(a) The cultivation of a religious feeling, and of pure thought and conversa- 
tion among the young soldiers, by every means in our power. 

f b) Eemoving temptation and occasions to sin. 

c) Constant and agreeable employment, bodily and mentally ; as idleness 
is one great cause of debauchery. 

{d) Temperance, 

2. Marriage , — It is very doubtful whether those who condemn early 
marriages, among the working classes, on account of improvidence, are entirely 
right in their argument. The moral effect of prolonged celibacy has seldom 
been considered by them. Probably the early marriages are the salvation of 
the working youth of this country ; and in the present condition of the labour 
market, the best thing a working-man can do is, as early a possible, to make 
his home, and to secure himself both from the temptations and expenses of 
bachelorhood. In the case of the soldier the conditions are different for 
different men ; the private soldier who has enlisted for long service (12 years, 

* The effect of this upon the virtuous female pc^lation is very serious. Every servant in 
London sees the fine clothes and hears of the idle luxurious lives of the women of the town, 
and knows that occasionally respectable marriage ends a life of vice. What a temptation to 
abandon the haid work and the drudgery of service for such a career, of which she sees only 
the bright side ! It is a temptation from which the State should save her. She should see 
prostitution as a degi^ed calling only, with its restrictions and its inconveniences. 

+ An Act for the Prevention of Contagious Diseases at Certain Naval and Military Stations, 
18641 oh Act for the better Prevention, Ac., 1866 (cited as Contagious Diseases Act, 1866). 
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and prospect of renewal) cannot marry for seven years, and then only 7 per 
cent, can marry with leave. It was difficult to avoid this, and the conse- 
quences were certainly most serious. Under the new system of six years* en- 
listment, and passage into the reserve, a soldier will not marry at all, and it 
is of course desirable he should not do so. If he enlists at eighteen, 
at twenty-four he will be free ; and if kept in full occupation, and as far as 
possible shielded from temptation, the burden of celibacy will not weigh upon 
lum. Continence would be desirable for his health, and for the welfare of his 
future offspring. The short service now introduced may indeed greatly influ- 
ence this matter, and certainly has removed from pressing discussion the 
question of marriage in the infantry of the army. 

3. Precatdiom agairid the Diserxse, — ^Admitting that, in the case of a body 
of unmarried men, a certain amount of prostitution will go on,* something 
may be done to prevent disease by extreme cleanliness, instant ablution, and 
by the use of zinc, alum, and iron washes, or similar lotions after connection, 
and by the constant use by prostitutes of similar washes. It may seem an 
offimee agiiinst morality to speak of such things ; but we must deal with things 
as they are ; and our oT)ject now is not to enforce morality, but to prevent 
disease. Tlio use in brothels of these meti^ures appears to be more efficacious 
than any other plan. In some of the French towns the luse of lotions and wash- 
ings is rigorously enforced, with the effect of lessening disease considerably. 

4. Detection and Cure of Diseased Men and Women , — In the case of the 
soldier who has medical advice at hand, it seems of the greatest importance to 
have instant medical aid at the first sign of disease, Butj instead of this, the 
soldier conceals his ailment as long as possible, because he will bo sent to 
hospital, put under stoppages, &c. A late regulation has made this even more 
stringent, but surely its wisdom may bo questioned. Surely tlie soldier 
should be encouraged to make immediate application, and ho should certainly 
not be punished for a fault which his superiors commit with imj^unity, and 
for which the State is in ])art answerable by enforcing celibacy. Our object 
is to preseiwe the man*s health and services for the State ; we shall not accom- 
plish this by ignoring what is a common consequence of his conditions of 
service. Health inspections, w'hich are not now obligatory, ought, in 
my opinion, to be made weekly by tlie surgeon. I believe these inspections, 
when carefully made, to be of the greatest service. Some medical officers used 
to consider them derogatory to themselves, and slurred them over. I can 

* While saying this, and while dealing with what actually exists, I da not, for a moment, 
share the opinions of^those who look on prostitution not only as a necessity, hut as a good— as 
a shield against worse vices, and as a guard against atteinjits on mamed virtue. One feels 
instinctively that such argiinients, however plausible at first sight, are untrue. In fact, they do 
not bear investigation. Develop the case to a general rule (as Paley advised to be done in all 
arguments), and its fallacy is manifest Tlie more prostitution is extended, the more encroach- 
ment does it make qn marriage — the safeguard of the human race. In its smallest degree it 
does this. If extended, prostitution would begin to shake the very stmeture of society, for the 
relation of the ^xes, the improvement of both men and women, and the care and culture of the 
offspring, would become endangered. The more it is considered, the more clearly will the ter- 
riWe consequences of an extended prostitution come out. But apart from this general view, the 
efiect on the individual man is disastrous, even if he escape venereal disease. Association with 
a single woman is a safeguard against excess ; but if the appetite is stimulated by constant 
variety, it is impossible to avoid excess, and its enfeebling effects on the body. Jt is worse 
than polygamy, as sexual intercourse with different females is more varied. In ])olygamy, also, 
it is well known that our common notion of a great number of wives is erroneous ; a stop is 
put by the expense ; and in the polygamous nations the majority of men have only one wife. 
Whenever station or riches enable a man to have more, he pays for his gratification by an 
enfeebled health, and by a degenerate offspring. 

It is not without physiological cause that Christianity has forbidden prostitution, in terms 
which make us undeistand, even better than the writings of Terence or Juvenal, bow wide- 
spread and deadly was the prostitution of antiquity, and how the strength and wellbeing of 
men were being undermined. Is there no danger that we may require similar warnings ? 
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noithor participate in, nor indeed understand, a feeling of this kind ; it seems 
to mo a matter of duty, which should he done as conscientiously as ijossihle. 
I know from personal experience of health inspections in the amiy how many 
men are caught in an early stage of syphilis and gonorrheea, and the disease 
is forthwith cured, or greatly mitigated. Some suppose they are derogatory 
to the men ; hut they were practised for many years, and no such feeling was 
excited. 

It has been also proposed to detect and cure the disease in prostitutes. A 
great outcry has been raised against this proposal, which is yet a matter of 
precaution which tlio State is surely bound to take. A woman chooses to 
follow a dangerous trade — as dangerous as if she stood at the comer of a street 
exploding gunpowd(^r. By practising this trade she ought at once to bring 
herself under the law, and the State must take what precautions it can to pre- 
vent her doing miscliief. The State cannot prevent prostitution. AVe shall 
see no return to tlie stern old Scandinavian law wliich punislicd the prostitute 
with stripes and death ; but it is no more interference with the liberty of the 
subject to prevent a woman from propagating syphilis, than it would be to 
prevent her proi)agatmg smallj^ox. 

The difhciilty is to detect when she is diseased. Abroad, an elaborate 
system is in use for this purpose ; brothels are registered, and thcii* inmattis 
regularly examined. In this country such a system seems to many peoj^le too 
like a recognition of the iiievitableness of prostitution, and to a certain extent 
a sanction of it. It does not present itself to me in this light, but iis a simple 
matter of ijreoaution. A custom exists which we cannot set aside ; let us ol>- 
viate its eil'ects as best we may, while, at the same time, by higher culture and 
better religious teacliing, we endeavour to gradually remove the custcjfu.* 

A partial adoption of this plan has been commenced by the military and 
naval authorities in this country, and Acts have been i)assed (1864, 1866, and 
1869) by means of whicli the prostitutes of certain inilibiry and naval stations 
are brought under supervision.! The impoitant clause in the Act for 1866 
is clause 15, wliich provides that when an information is made on oath that 
a woman is a common prostitute, living within the limits of any place to 
which the Act aj)i)lies, or liaving been within tliuse limits for the purpose of 
jirostitution, a justice may issue notice to such woman, through the superin- 
tendent of police, to appear for medical examination. She is tlion kept under 
continued inspection, and certified Lock Hospitals are provided for her treat- 
ment if she is discov(jred to be ill. Clause 36 is also an important one ; it 
imposes a penalty of X20, or imprisonment, with or without hard labour, on 
any brothel-kecipcr or owner of a house who, having reasonable cause to know 


Those ;^rsons who shut their «yes to the enormous prostitution of this country, as of all 
othera, or think nothing ^ ^ne because it is impossible to deal with private or “ sly 
pio^tution, and with the higher grades of the calling, shouid remember that some movement 
m the mter^t of the unhappy girls themselves is necessary. In the low brothels in London 
the system is a most cruel one. A girl is at first well treated, and encouraged to fall into debt 
to nor employer. As soon m she is fairly involved, she is a slave ; there is no relief till she 
mu make no more money, when she is cast out. Surely something should be done to save her. 
Possibly it miglit well to try the plan of recognising no debts from a girl to the procuress or 
to also devise means for at once giving her the means of release from her 
lite if she desires it. Also, if such houses must exist— and who can venture to hope they will 
at least be inatle Icm indecent^ quieter, and safer from theft, and even murder* 
♦ 1 exists, IS a gigantic scandal to Cliri8tianit3', and JeanueFs singular 

curious a par^lel there is between modern prostitution and tliat 


^vonport ; Chatham, an(fsheemes 8 ; ^demhot,’ Windsor, Colchester, 

Shoracliffe, Curragli, Cork, and Queenstown. Others have since been added. Adjoining 
parishes are in many cases included. 
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a woman to be a prostitute, and to be affected with a contagious disease, 
allows her to resort to the house for the puipose of prostitution. 

This Act came into force on the 1st Octoljer 1866 ; and in some stations, 
as at Aldershot, it was really more than half a year after this time befom it 
could be put into force. 

Admisbiom of Primary Venereal S<yre per 1000 of Strength, 


Stations under the Act. 



1867. 

1868. 

1869. 

1870. 

1871. 

1872. 

1873. 

1874.* 

1875.* 

1876.* 

Plymouth, . 

76 

66 

74 

58 

50 

59 

37 

86 

29 

27 

Portsmouth, . 

116 

86 

62 

51 

41 

40 

44 

48 

30 

27 

Chatham, 

71 

63 

41 

47 

65 

49 

41 

33 

17 

33 

Woolwich, . 

88 

46 

62 

43 

58 

60 

60 

47 

59 

42 

AUlei’sliot, . 

81 

77 

63 

67 

65 

62 

72 

52 

46 

47 

Dover, . . 

V62 

111 

80 

30 

24 

47 

38 

37 

27 

30 



Stations 

NOT UNDER THE AcT. 




London, . . 

163 

148 

144 

160 

190 

199 

185 

179 

187 

146 

Sheffield, . . 

163 

107 

146 

77 

126 

98 

71 

49 

87 

119 

Manchester, . 

177 

115 

160 

92 

70 

98 

91 

106 

89 

113 

Dublin, . . 

129 

139 

180 

128 

117 

165 

136 

95 

73 

76 

Ivsle of Wight, 

69 1 

103 

129 

64 

66 

57 

37 

89 

89 

54 

Belfast, . . 

89 1 

J 

56 

52 

43 

61 

78 

103 

64 

44 

57 


Sin(5fe the passing of these Acts there has been a most decided decrease in 
tlio number of j)riiij.ary venereal sores at all the military stations under the 
♦Acts, compared with non-protected stations. And this is the more satisfacjtory, 
because the frequent movement of the troops, and the number of stations 
wdiere there is no control of disease, render the working of the Acts difficult. 
The record for the years 1867-76 at a few stations will show the decrease (see 
above). 

Of course, it is difficult to compare garrison and commei’cml towns, still the 
above figures show a decided decline in the controlled stations. 

Hut the following figures, kindly given me by Dr Balfour, are quite con- 
vincing. 

In 1871 and 1872 there wore fourteen stations under the Contagious 
Diseases Act, with a mean strength of 51,400 men ; putting against these other 
fourteen stations not under the Act, with an average strength of 19,953 men, 
wo have the following ratio : — 


Admission per 1000 of Strength. 



Pilinary 
Ven^ereal Sore. 

GonoiThooa. 

Stations under the Act, 

Stations not under the Act, | 

1871, 

1872, 

1871, 

1872; 

50*6 

63-3 

93-4 

128-2 

116-9 

105- 1 

107-4 

106- 9 


It must be remembered that at present gonorrhoea has not been touched 
by the Act, for want of hospital accommodation, so that the equal amoimt of 
gonorrhoea of the two classes shows that the enormous lessening of primary 


* Stoppage of pay in force. 


I 
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venereal sore in the controlled stations is owing to a real diminution of syphilis,- 
and not to lessened frequency of intercourse.* This is proved again by the 
following figures given me by Dr Iklfour. 

In 1864, the year before the Act came into operation, the average admissions 
at all the stations from primary venereal sore wore 108*6 per 1000. In 1872, 
at the uncontrolled stations, the number was still higher, being 123*2, so that 
sypliilis had not declined in the uncontrolled stations. But, as already said, 
in the controlled stations in 1872, the admissions were only 53*3. Therefoix^, 
the gain to the State in the controlled stations was (108*6-63*3) 55 admissions 
less per 1000 of strength ; and in a mean strength of 50,000 men the State 
was saved the cost of 2750 cases of primaiy venereal sore in that year, and 
the men were saved the enormous injury to their health, which would other- 
wise liave resulted. 

Let the facts be put in another form. Taking the first seven years that the 
Acts were in operation (before the introduction of the stoi)page regulation in 
1873), viz., 1865-72 (though in the early years the operation was partial and 
imperfect), wo have the following figures : — 


Admwsion per 1000 of Strmgthy 1865-72 indimve. 


All stations not under the Act (mean 
strength 32,528 men), . . . 
Stations under the Act (mean strength 
30,765 men), 


Primary Sores. Gonorrhoea. 

103*1 111*9 

62*8 115*0 


There was therefore a practical identity in gononboeal admissions, but the 
annual admissions for primary venereal sores were reduced in the conti’olled 
stations by 40*3 per 1000. In the eight years the State was therefore saved 
very nearly 10,000 cases of syphilis ; and supposing each demanded twenty^ 
days of treatment (which is moderate), 200,000 days of sickness have been 
saved in eight years. 

Such, tlien, lias been the operation of the Act under many disadvantages, 
but this has not been its only beneficial effect. 

Tlie Act at the lai^o stations has done great good in some other directions, 
especially as regards the women. Many women have been reclaimed ; the 
luorrible juvenile prostitution has almost ceased, and comparative decency has 
been taught in the hospitals. Still the Act is too feebly drawn, and too 
I)artiaUy carried out, to cope entirely with the evil. The prostitutes are not 
thoroughly under inspection ; many are not inspected at all \ neighbouring 
towns send in prostitutes \ and hospital accommodation is insufficient. 


* In the return for 1876, ire And the following : — 



Primary 
Venereal 8ore. 

Gonorrhoea. 

14 Stations under the Act, > 
strength 48,620, . . f 


68 

oo 

14 Stations not under the) 

88 


Act, strength 18,790, . / 

89 


A U the stations not under the Act, grouped together, show a mean strength of 38 073 with 
2,416 admissions for primary venereal sores, or 63 per 1000, against 33 per 1000 in the stations 
under the Act. The difference is thus maintained in the stations under the Act. Much has 
been made by the opponents of the Acts, of the fact that the men (since 1873) have l»een 
subjected to stoppages, which has (presumably) led to concealment of disease. But it is 
obvious that if this be the case, the influence must affect aU stations equaUy yet we still 
find the highest ratios (even in gonorrhoea) in the non-protected stations. ' 
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The prostitutes from surrounding districts not in the Act also come into 
these towns and camps, eitlier remaining for a few days and then disappearing, 
or, if diseased, stopping till they can get admitted into liospital. liegiments 
coming from other quarters not under the Act ; men coming from furlough or 
detachment, also introduce the disease ; in fact, the means of evasion and of 
re-introduction are numerous. 

One consequence of the Contagious Diseases Act was to make public tlie 
most friglitful state of things among the women of our garrison towns. Tlie 
vivid picture of the Chatham prostitute's life, drawn by Mr Berkeley Hill,* 
was no exaggeration. Ileports from the Lock hospitals at other places wotild, 
if published, have borne out all Mr Hill alleged. Shocking as these dis- 
closures are, and mortifying as they may be to our national pride, it is by far 
the best plan to have them made. An evil like this must not be treated in 
the shade ; it will never be overcome till the public know its proportions ; the 
deadly mists which cling round and poison the very btisis of society can bo 
dispersed only when the healing light of the sun falls on them. It is at any 
rate encoiuaging to learn that the effect of the Act has been greatly to improve 
the manners and habits of the women — ^to impose some restraint on them, 
and to restore to them something that, in comparison with their former life, 
may be called decency. 

* British Medical Journal, 1 867. 



CHAPTER XIX. 

DISINFECTION. 

The term disinfectant,” which has now come into popular use, has unfor- 
tunat(ily been employed in several senses. By some it is applied to every 
agent which can remove impurity from the air by others, to any substance 
which, besides acting as an air purifier, can also modify chemical action, or 
restrain putrefaction in any substance, the effluvia from which may contamin- 
ate the air ; while, by a third party, it is used only to designate the substances 
which can prevent infectious diseases from spreading, by destroying their 
specific poisons. This last sense is, I conceive, the most correct, and it is 
that which is solely used here. The mode in which the poisons are destroyed, 
whether it be by oxidation, deoxidation, or arrest of growtli, is a matter of 
indifference, [provided tlie destruction of the poison is accomplished. The 
general term, “ air purifier,” is given in this work to those agents wliic/h in 
any way cleanse the air, and which ther(3foro include disinfectants (see pagcj 
135 for the Air Purifiers), and the term, ‘‘Sewage Deodorants,” to tliose 
substances which are used to prevent putrefaction in cxci‘eta, or in waste 
animal or vegetable matters, or to remove the products of putrefaction (see 
l>age 398 for the Sewage Deodorants). 

The chief human diseases which are supposed to spread by means qf 
special agencies (conveniently designated under the name of “ conttigia”),t are 
the exanthemata : typhus exanthematicus ; enteric (typhoid) fever ; relapsing 
fever ; yellow fever ; paroxysmal and the allied remittent fevers ; dengue ; 
cholera ; bubo-plague ; influenza hooping-cough ; diphtheria ; erysipelas ; 
dysentery (in some cases) ; puerperal fever ; syphilis ; gonorrhoea ; glanders ; 
farcy ; and malignant pustule. There are some few othei*s more uncommon 
than the above. 

The term “ disinfectant ” might also be applied to substances destroying 
entozoa, or epiphytes or entophytes, but there is a disadvantage in giving it 
so extended a meaning. 

It has long been a belief that the spread of the infectious diseases might 
bo prevented by destroying the agencies in some way, and various fumiga- 
tions, fires, and similar plans have been employed for centuries during great 
epidemics. 

In order to apply “ disinfection,” in the modern sense of the term, we 
ought to know — liff, the nature of these contagious agencies ; 2f/y the media 
through which they spread ; and 3c?, the effect’ produced upon them by the 
chemical methods which are supposed to destroy or modify them. 

1. The Nature of the C(mtagia.X 

This point is at present the object of eager inquiry. In the case of one or 


* Tarclioii, for example, Diet. d’Hyg. art. Disinfection, and many other authors, 
f It -will be seen that the old distinctions between infectious and contagious diseases, and 
between miasmata and contagia, are not adhered to. Tliey were at no time thoroughly defi- 
nite, and are now, 1 think, better abandoned. 

X For a fuller description on some of these topics than can be given here, I beg to refer to 
my Deport on Hygiene for 1872 (Army Medical Department Blue Book, vol. xiii.}. 

I 
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two of the above diseases, the question has been narrowed to a small compass. 
In variolous and vaccine discharge, and in glanders, the poison certainly exists 
in the form of solid particles, which can bo seen by high powers as glistening 
points of extreme minuteness.* In cattle plague blood serum there are also 
excessively small particles discovered by Beale, which are probably the 
poison. The size of the particles supposed to be contagia is most minute ; 
some of them are not more than - BoVc ir inch, and Beale believes that 

there may be smaller still to bo discovered with higher powers. Ghauvciau 
has washed the vaccine solid particles in water ; the water did not ‘become 
capable of giving the disease ; the washed particles retained their power. 
The epidei-mic scales of scarlet fever and the pellicle of the dii)htheric 
membrane certainly contain tlie respective poisons, and after exposure to the 
air for weeks, and consequent drying, stiU retain their potenc 3 ^ It is more 
likely that solid matters should thus remain unchanged than liquids, but it 
has not yet been proved that tliis is so, and at present the exact physical con- 
dition of tlie contagia of the other infectious diseases remains doubtful. 

The extraordinary power of increase, and capability of producing their 
like, possessed by some of the contagia when placed under special fostering 
circumstances, as in the bodies of susceptible animals, lead to the belief that 
they are endowed with an independent life. The old doctrines that they are 
simply either poisonous gases or animal substances in a state of chemical 
change, and capable of communicating this change, or that like the 8o-calle<l 
ferments (ptyalin, pancreatin, diastase, emulsin), they 8i)lit up c 0 rtaind)odies 
they meet, are not now in favour. 

The retention of the power of contagion for some time, and its final 
loss, tlie^destruction of the power by antiseptics which do not alfect the action 
of such bodi(‘.s as ptyalin or diastase, and the peculiar incubative period which 
S most easily explained by siq^posing a gradual development of the active 
agent in the body, are moi‘e in accordance with the hypothesis of independent 
life and power of gro-wth. 

The independent living nature of the contagia is a belief whicli has long 
been lield in various forms. At the present time there are three views, eacli 
of which lias some arguments in its favour. 

(1.) The particles are supposed to bo of animal origin, bom in, and only 
growing in the body ; they are, in fact, minute portions of bioplasm (to use 
l)r Bcjile's phrase), or protojilasm. f 

This is the old doctrine of ‘‘ fomites ” expressed in a scientific form, and 
supported by a fact which was not known until lately. This is that the 
independent life ascribed to those particles of bioplasm is no assumption, since 
we are now aware that many of tlie small animal cells or bioplastic molecules 
are virtually independent organisms, having movements, and apparently 
searching for food,, growing, and dying. 

This view explains singularly well the fact of the frequent want of power 
of the contagifi of one animal to affect another family ; as, for example, the 
non-transference of many human diseases to brutes, and the reverse. It also 
partly explains the non-recurrence of the disease in the same animal by 
supposing an exliaustion of a special limited supply of food, which cannot be 


* The observations of Cbauveau, Beale, and Burdon-Sanderson, and still more recently, of 
Braidwood and Vaclier, prove this very important point by what seems indisputable evidence. 
It does not follow that all small bodies are in such fluids tne contagia,” but the experiments 

S rove that some of them must be. In many kinds of blood there are numerous small particles, 
erived, according to Bless, from retrograde metamorphosis of white blood cells, and which 
have no contagious property. 

t This view has been advocated with great force by Beale (Disease Gterms, 2d edition); and 
Morris (The Qerm Theory of Disease, 2d edition). 
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restored, since it may t)e supposed that’ some particular hodily structure 
altogether destroyed, as, for example, Peyer’s patches may bo in enteric fever. 
One objection to this view is, on the other hand, tliat living animal particles 
die with great rapidity after exit from the body, while the contagia do 
certainly last for some considerable time.* * * § 

(2.) The particles have been conjectured to be of fungoid nature, and to 
simjdy grow in the body after being introduced ah extenio. This view is 
supported by the peculiarities of the rapid and enormous growth of fungi, by 
their penetrative powers and splitting up action on both starchy, fatty, and 
albuminoid substances, and by the way in which certain diseases of men and 
of animals t are undoubtedly caused by them. It is clearly a view which 
would ^?xplaill many phenomena of the contagious diseases, and has been sup- 
X>orted by the experimental evidence of Hallier and many others who have 
believed either that they have invariably identified special fungi in some of 
these dis liases, or that they have succeeded in cultivating fungi from particles 
of contagia. At the juesent time, however, the evidence of true and recognis- 
able ami special fungi being thus discovered and grown, and forming the 
efficient causes, is very much doubted by the best observers. The micrococci 
of Ifallicu*, supposed to be formed by the disintegration of the protoplasm of 
fungi, and which Hallier considers can again develop to fungi, are looked 
upon by many as mere detritus, f 

(3.) The particles of coiitiigia are thought to be of the nature of the 
“ Schizomycetcis,” t.e,, of that class of organisms which Niigeli has separated 
from the fungi, and wliich form the lowest stratum at i>resent known to us of 
the animate world. They are termed llactcria, Zooghm, Microzymos, Vibrios, 
Monads, &c. Their relation to the fungi, or to the Oscillarine£e,*to which 
they arcj perhaps closer, is yet a matter of warm debate. 

That these creature>s are concerned in many diseases is clear.§ Listef's 
genius first brought their practical importance forward, and the late researches 
of Klebs, liecklinghausen, and others, have shown liow great a part they play 
in the production of Septica3mia. The carbuncular disease of cattle and 
sheep (splenic apoplexy) is also intimately connected with llacteria ; and if 
the observations of Coze and ITeltz are correct, the same is true of typhoid 
fever. Feixlinand Cohn has lately assertedl) that even the glistening i^articles 
of vaccine lymph are Hacteria, Bacteria have been proved to cause disease of 
the intestinal mucous membrane, the uhrus, the kidneys, and the heart, and 
they play some part in brnmorrhugic smallpox. 


* A modification of this view under the name of the Glandular Origin of Disease, is advo- 
cated by Dr B. W. Richardson, F.R.S. (Address to the Sanitary Institute of Great Britain, 
Leamington, 1877, Nature^ No. 414, Oct. 4. 1877, p. 480). Admitting that the jUsease poison 
generally comes from without, he looks upon its action as catalytic, causing an altered glandular 
secretion or a change in the blood, the changed secretion reacting on the nervous centre sup- 
plying the gland or glands. He also conceives that during epidemic periods a strong nervous 
impression may have tlie same effect as the direct introduction of poison from without, so that 
the disease may occasionally arise spontaneously. He looks upon many diseases as he^e^lita^y, 
in the sense that the condition of the c^ijd resembles that of tiio parent, and will therefore be 
open to similar iniliiences. 

f Not only some skin and hair diseases of men and animals, and diseases of insects and 
fishes are caused by the growth of fungi which fall on the surface of the body, or are drawn 
into the mouth, but intenial diseases are caused by the growth of undoubted fungi, as 
Aspergillus. 

X The supposed fungus, which Klein (Reports of the Medical Officer of the Privy Council, 
new series. No. vi. 1875) thought ho had discovei’ed in the patches of typhoid ulceration, was 
shown by Creighton to be merely an altered condition of fibrine simulating an independent 
oi^nism (see I’niccedings of the Royal Society, June 16, 1876). 

§ For a short summary of this subject, see my Report on Hygiene for 1872, in the Army 
Med. Depai-t. Blue Book, vol. xiii. 

jj Virchow's Archiv. band iv. p. 229 (1872). 
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Yet it is certain that Jh some of the epidemic diseases there are no Bacteria. 
In cholera, Lewis and Cunningham‘havo failed, in sinte of the most pei'sever- 
ing search, to find Bacteria (or fungi) in the discharges or blood of cholera. 

The reasons for attributing in many cases great influence to the Bacteria, 
which are undoubtedly i)resent, are obvious enough. 

They are so widely si)read in nature (in air, it is believed, and in water) ; 
their powers of gi'owth, by division, are so wonderful ; their food (ammonia, 
phosphates, and perliaps starches or sugars) is so plentiful, and their tenacity 
of life so great, that it is no wonder gimt consequence is now attached, to them. 
Yet it is their very universality which is the strongest argument against the 
view that they constitute the contagia of any of the specific diseases, and any 
one who considers the peculiar spread of the contagious diseases will admit the 
force of this objection. To meet this objection, it has been suimiscd that they 
are not the contagia, but merely their carriers. This view has not been 
defined ; but as the plasma of Bacteria is albuminoid, it may perliaps be taken 
to mean that wliile the Bacteria are usually harmless, them plasma may 
become, in certain cases, altered in composition, and then becomes poisonous 
in diftereiit specific ways. Bacteria feeding in the blood of a ty2)hus patient 
will become nourished with morbid plasma, and thus, so to speak, it is diseased 
Bactcu-ia which become dangerous. We get here beyond tJie i*ange of present 
observation, and are conscious how impossible it is with our present instru- 
ments to investigate such ah hypothesis.* 

The belief which some entertain that the Schizomycetes are the efficient 
agents of the contagious diseases has led to a number of experiments on the 
destruction of Bacteria by heat and by chemical agents, in the belief that the 
doctriift of disinfection was thereby elucidated. This could haitJly be the 
case, unless wo are certain that the Bacteridia are the contagia, whicli is not 
•the case in some of those diseases, and not proved to be so in any. Disinfec- 
tion must rest at present on its own experimental evidence. 

The belief in the i>art played by Bacteridia has led also to much interest 
being taken in the discussion on ferments, and in the question of s2)ontaneous 
generation, as it is imagined that a clue might thus bo found to the origin, c/e 
novo, of the conhigia. Mr Darwin’s doctrine of Pangenesis has even been 
pressed into the discussion, though it rather makes the darkness greater tliaii 
before. It is curious to find so practical a matter as that of disinfection 
brought into relation with some of the most subtle and controverted questions 
of the day; but the important bearing which the acceptance of one or other of 
these views would have on the practice of disinfection is evident. 

If the “ contagia ” are simply excessively minute portions of bioplastic 
particles, in Beale’s sense, we may be sure they will bo easily killed ; a heat 
far below that of boiling water, and very weak chemical agents, destroy all 
signs of vitality in animal cells and molecules. We might,, therefore, hope 
much from disinfection. Fungi in water are destroyed by a comparatively 
low heat ; while in dry air Perhicillmm fjlamum is not completely destroyed, 
according to Pasteur, till 127“ G. ( = 270“ Fahr.), and Otdiitm nurantiucani 
dies at about the same temperature. On' the contrary, the Bacteroid bodies 
are often extremely stable. Lex found a temperature of 127“ C. or 262“*6 
Fahr. insufficient to kill them, and after boiling them for half an hour they 
still showed vital movements ; and in Calvert’s experiments a heat of no Icfs 
than 400“ Fahr. ( = 204“ C.) was required to thoroughly destroy them, and 

* For further infomiatlon see the Address in Medicine by W. Roberts, M.D., F.R.S., deli- 
vered at the Manchester meeting of the British Medical Association, 1877, {Brit. Med. Journal, 
No. 867, Aug. 11, 1877, p. 168), Also Professor CyudalPs papers in the Royal Society’s Pro- 
ceedings and Transactions (see Transactions^of the Royal Society, 1876, part i. 1). 27).,; 
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some kinds seem unaffected even by strong acids and caustic alkalies.* 
Sanderson found that Bacteria in water are not developed in fluids heated to 
366** Fahr. or even boiled. Disinfection, if Bacteridia are to be destroyed, 
would be then a matter of much greater difficulty. Important in all ways, 
this question of the nature of contagia is especifiUy so in a practical sense, viz., 
that of the easy or difficult destruction of these agents. 

2. The Media in which the Contagia are spread. 

Our knowledge of this point is far more defined, and may be thus 
summarised : — 

The special and distinctive phenomena of each disease are usually attended 
with special implication of some paili of the body, and it is especially these 
parts which contain the contagia. In these parts there is fn^quontly rapid 
growth, and if the parts are on the surface, frequent detachment. The pus 
and epidermis of smallpox ; the epidermis and the mouth and throat epithelium 
of scarlet fever j the skin and bronchial secretions of mefisles ; the stools con- 
taining the discharged detritus of Pcycr^s glands in typhoid fever ; the dis- 
charges of cholera j the discharges and eruptions of syphilis, glanders, farcy, 
and malignant pustule, are instances of this. In typhus fever the skin is greatly 
affected, and it is generally supposed that it is from the skin that the virus 
spreads, since this disorder is so easily earned by clothes ; tlie same is the case 
with plague. In fact, those parts of the body which arcs the breeding-places 
of the contagious particles give off the poison in greatest amount. The por- 
tions of the body thus thrown off, and containing the contagia, may then pass 
into air, or find their way into water or food, and in this way be introduced 
by breathing, drinking, or eMiting, or through broken surfaces of tlie body. 

The principles of disinfection ought evidently then to deal wdth the poisons, 
at their seats of origin, as far as these are accessible to us. It was the instinC-a 
of genius which led Dr William Budd to point oTit that the way to prevent 
the spread of scarlet fever is to attack the skin froin the very first ; to destroy 
the poison in the epidermis, or failing that, to prevent the breaking u]) and 
passage into the air of the particles of the detached epidermic scales. Oily 
disinfectant inunctions of the skin, and the most complete disinfection of the 
clothing which touches the skiii of the patient, are the two chief means of 
arresting the spread of scarlet fever. The rules for smallpox are almost 
identical, though it is more difficult to carry them out ; and they have to bo 
supplemented by aerial disinfection. In enteric fevei* the immediate destnic- 
tion of all particles of poison in the stools by very strong chemical retigents, 
and the prevention of the poison getting into sewers or drinking water or food, 
are the measures obviously demanded by the peculiarities of this special 
disease. 

The more completely these points are investigated, and the more perfectly 


* Bastian lias, however, stated (E^ceedings of Royal S’oeiety, No. ]43, p. 224, March 1873) 
that bacteria and vibrios are killed at a much lower temperature ; his experiments show that 
a brief exposure to a temperature of 70° C/(-^ 158° Fahr.; either killed the germs of bacteria, 
or completely deprived them of their powers of multiplication. The difference of the state- 
ments on such a point as this is remarkable, Tyndall (Pn)c. Roy. Soc. No. 178, p. 669) has 


. w * . - explanation propo , 

during the period of latency the spores are in a hard state capable of resisting high temperature, 
but that just before the period of active germination, they become softened, and thei-efore, 
amenable to the influence of heat. As, however, spores in various stages may exist in the same 
fluid, successive heatings are necea8ai*y so as to arrest each group at the proper time ; but, by 
repeating the heatings sufficiently often an infusion may be sterilised at a point below the 
boiling point of water. 
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the breeding places in the body are known^ the more precise will be onr means 
of disinfection. 

To restrict the term disinfectant to chemical agents in the air seems far too 
narrow a view, and has the disadvantage of leading to attempts at destroying the 
poisons in what is the most uncertain and difhc^t method ^ 

3. The Effect produced on the Contagia hy Chemical Agenis^ or heat or cold^ 
in different Diseases.^ 

Our knowledge of this point is very imperfect, as it is necessarily derived 
simply from seeing if the spread of any contagious disease seems arrested by 
the disinfecting measures we employ. The experiment is a coarse one, and is 
conducted under all possible difficulties. 

Disinfection in various Diseases, 

Exanthemata^ Scarlet Fever ^ and Rotheln , — The points to attack are the 
skin and the throat. The skin should be rubbed from the very commence- 
ment of the rash until completed desquamation with camphomtcd oil, or oil 
with a little weak carbolic acid. The throat should be washed with Condy's 
fluid, or weak solution of sulphurous acid. Clothes to be baked, or to be 
placed at once in boiling water, to ever}’^ gallon of which 2 ounces of commer- 
cial chloride of lime, or 1 ounce of sulphate of zinc, or \ fluid ounce of chloride 
of zinc, is added. The clothes should not be washed at a common laundry, 

Chlorine or euchlorine should be diffused in the air, the saucer being put 
some little distance above the head of the patient. Carbolic acid and ether or 
carbolic acid spray may be used instead. 

In ISiis, as in all cases, there can be no use in using aerial disinfectants, 
unless they are constantly in the air, so as to act on any particle of poison 
^hi(;h may pass into the atmosphere. 

Smallpox , — ^The skin and the discharges from the mouth, nose, and eyes 


* So also to restrict the terra disinfectant ** to an o:!:idi8ing agent cannot be right. A disin- 
fectant is simply a destructive agent, and the destruction may doubtless be produced in dif- 
ferent ways. 

t With reganl to the effect of chemical reagents on low fonns of vegetable and animal life, 
the works of Sansom (The Antiseptic System, by A. B. Sansom, M.D. 1871) ; of Dr Dougall 
(On the Relative Power of various Substances in Preventing t^e Germination of Animalculae, . 
by John Dougall, 1871) ; and the Papers of Calvert (Proceedings Royal Society, vol. xx. p. 
185), it need only be mentioned bore tnat, according to Dougall (op. dt. table, p. 6), the most 
powerful agents in destroying “ animalcule are the following sub-stances Sulphate of 
cop])er, chloride of aluminium, chromic acid, and, bichromate of potassium, bichloride of 
mercury, benzoic acid, bromal hydrate, chloral hydrate, hydrocyanic acid, alum, hydroclilorato 
of strychnia, ferrous sulphate, arsenious acid, picric acid, and others which are loss efficacious. 

Picot (CJomptes Rendus, Dec. 1872) has lately stated that silicate of soda, even in very small 
quantity, arrests putrid fermentation and retards other fermentations, and is very useful in 
tne treatment of blennorrhagic urethral discharge id women. It also opposes the transfor- 
mation of glucose and of the glycogenous matters of the liver. , If silicate of soda has such an 
effect, may not some of the other silicates be also a^ive in this way, and may not the anti- 
putrescent power of some soils bo thus produced ? Lex found the movements of Bacteria td 
be best arrested by chloroform, carbolic acid, prussic acid, and strong solutions of quinine, 
in the 9rder named. Dr O’Nial (Suigeon-Maior) has made fhany experiments on the time of 
appearance of Bacteria in extract of meat ana other memrtnia.f He found, like Dougall, tlie 
bichromate of potash to be the most powerful agent in preventing the appearance of Bacteria, 
and after it, but far below, is carbolic acid, ye]fc neither were quite efficacious. The bisulphite 
of sodium was found to be of no value, and perteanganate of potassium, though a good deodo- 
rant, had scarcely any restraining effect on the formation of Bacteria. Commercial chlor-alum 
was of little use, but a strong solution of chloride of aluminium was fairly effectual. The 
paper must be consulted for many details, but it shows clearly how little Bacteria can be in- 
fluenced by our present modes of using these “chemical disinfectants." See also Baxter's 
Paper in the Reports of the MedicflJ Officer of the Privy Council and Local Government Board, 
new series. No. vi. p. 216. 


t Amy Medical Dcpaitmcnt Report for 1871, vol. xill. (1878). 
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are to be attacked. There is much greater difficulty with the skin, as inunction 
cannot be so well performed. But smearing with oil and a little carbolic acid 
glycerine, or in difficult cases applying carbolised glycerine to the papules and 
commencing pustules, might l>e tried. The permanganate and sulphurous 
acid solutions should be used for the mouth, nose, and eyes. The clothing 
should always bo baked before washing, if it can be done. The particles 
which pass into the air are enclosed in small dried pieces of pus and epithelial 
scales ; and Bakewell, who hfis lately examined them, expresses great doubt 
whether any air-purifier would touch them. Still it must be proper to use 
euchlorino or carbolic acid. Iodine has been recommended by Kichardson 
and Hofmann. 

Measle^s. — Oily applications to the skin and air-purifiers, and chloride of zinc 
or of aluminium in the vessels receiving the expectoration, appear to be the 
proper measures. 

Typhm ((ijcantheinaticm). — Two measures seem sufficient to prevent the 
spread of tyjihus — viz., most complete ventilation and immediate disinfectioTi 
and cleansing of clothes. But there is also more evidence of use from aii*- 
})urifiers than in the exanthemata. The nitrous acid fumes were tried very 
largely towards the close of the last century and tlic beginning of tliis, in the 
hulks and juisons where Spanish, French, and Russian prisoners of war were 
confined.* At that time, so rapidly did the disefise spread in the confinal 
spaces, wh(*.re so many mm were kept, that the efficacy ev(m of ventilation 
was doubted, though there can be no question that the amount of ventilation 
which was necessary was very much underrated. Both at Winch('.stei’ and 
Sheerness the ciixiumstauces were most difficidt ; at the hitter place (in 1785), 
in the hulk, 200 men, 150 of whom had typhus, were closc^ly cK;)wded 
together ; 10 attendants and 24 men of the crew were attacked ; 3 .medical 
officers had died when the experiments commenced. After the fumigatioiis,i^ 
one attendant only was attacked, and it appeared as if the disease) in those 
already suffering became milder. In 1797 it was again tried with success, 
and many reports were made on the subject by army and naval surgeons. It 
was subseepiently largely employed on the Continent, + and everywhere seems 
to have been useful. 

These facts lead to the inference that tluf evolution of nitrous acid should 
bo practised in typhus fever waixls, proi3er precautions being taken to dilfiise 
it et^ually through the room, and in a highly dilute fonn. 

Hydrochloric a(jid was employed for the stxme purpose by Guyton-de- 
Morveau, in 1773, but it is doubtless much inferior to nitrous acid. Chlorine 
has been also employed, and apparently with good results. J 

In typhus it would seem probable that the contagia j)ass off constantly by 
the skin ; at least, the effect of -ventilation, and the way in which the agent 
adheres to body-linen, seem to sliow this. The agent is not also enclosed in 
quantiti^ of, dried discharges and epidermis, as in the exantliemata, and is 
therefore less persistent, and more easily destroyed, than in those cases. 
Hence possibly the greater benefit of fumigations, and the reason of the arrest 
by ventilation. The clothes should bo baked, steeped, and washed, as in the 
exanthemata. 

Buhn Pluffue, — The measures would probably be the same as for typhus. 

Enteric (f yphoui fever), — The bowels-discharges are believed to be the 

* It was used at Winchester in 1780 by Carmichael Smith, and again at Sheerness in 1785. 
Smith published several accounts. An account of the experiment made at the desire of the 
Lords Commissioners of the Adinimlty, by J. C. Smith, 1796. 

+ Clievallier, Traits des Desinfectants, pp. 89, 40. 

t Ibid. pp. 14, 15. 
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chilif, if not the sole, agents in spreading the disease ; the effluvia from thein 
escape into the air, and will adhere to walls, and retain power for some time, 
or the discharges themselves may get into drinking water. Every discharge 
should he at once mixed with a powerful chemical agent ; of those, chloride 
and sulphate of zinc have been chiefly used, hut sulphate of copper (which 
Dougall found so useful in stopping the growth of animalcuhe), chloride of 
aluminium,* or strong solution of ferrous sulphate (1 ounce to a pint of 
water), or carbolic acid.f After comj)leto mixing, the stools must he thrown 
into sewers in towns ; but this should never ho done without previous com- 
plete disinfection. In country pkces they should he deeply buried ^t a place 
far removed from any water supply ; they sliould never he thrown on manure 
heaps or into middens, nor into earth closets, if it can possibly he avoided. 
As the bedclothes and beds are so constantly soiled with the discharges, they 
shovdd he baked, or if this cannot be done, boiled immediately filter removfil 
Avitli sulphate or chloride of zinc. It would be less necessary to employ air- 
purifiers in this cfise than in otheiu 

Cholmi, — There can lib little doubt that the discharges are hero also the 
active media of conveyance of the disease, and their complete disinfection is 
a matter of the highest importance. It is, however, so diflicult to do this 
witli the immense discharges of cholera, especially when there are m/iny 
j)atients, that the evidence of the use of the plan in the last Europcfin 
epidemic is very disappointing. 

The ferrous sulphate (green vitriol), which has been strongly recommended 
by Pettenkofer as an addition to the cholera evacmitions, was fully tried in 
1866 at Frankfurt, Halle, Leipzig, in Germany, and at Pill, near JBristol, J and 
in tho»e cases 'without any good result. In other })laces, as at Baden, the 
benefit was doubtful It seemed to answer better with Dr Budd and Mr 
JOavies at Bristol, but other substances werii filso used, viz., chlorino gas in 
the rooms, and cliloride of lime and Condy’s fluid for tlm linen. On the 
whole, it seems to have been a failure.§ Ferric sulphah'., with or without 
potfissium permangfinfite, has boon recommended by Kiibne instead of f(?rrous 
sulpliate, but I am not aware of any evidence on the point. Carbolic acid 
was largely used in England in 1866, and appeared in some cases to he of 
use, as at Pill, near Bristol,'find p^i'haps in Southampton. It failed at Erfurt, 
hut as it is believed the Avells were contaminat(»d by s()akage|| this is perhaps 
no c(;rtain case. Chloride of lime and lime were used at Stettin 'without any 
good rcsidt, and on the whole, it may bo said that the so-called disinfection 
of the discharges of cholera does not seem to have been attended with very 
marked results. At the same time, it cannot be for a moment contended tluit 
the plan has had a fair trial, and 'v\-e can easily believe that unless there is a 
full understfinding on the part of both medical men and tlie public, of what 
is to be accomi)lished by this system, ami a conscientious carrying out of the 
plan to its minutest details, no safe ojiinioiis of its efficacy or otherwise ^an 
be arrived, at. It would bo desirable to tr}’' the eflect of chromic acid or 
bichromate of potassium. > 

With regard to air-purifiers, little evidence exists. Chlorine gas, diflusod 

* In speaking of cliloritle of aluminium, I refer always to the strong solution, and not to the 
commercial cnlor-alum," which, tlioiigb useful in various ways, is yet a weak solution. 

T Or a mixture of two or more (Budd). Be lavish (says Budd) iii the use of chemicals rather 
than run the terrible risk of failing by default. 

X Tibbets, Medical Times and (>azette, October 1867. 

§ In my experiments on sewage putrefaction (Army Med. Reports, vol. viii. p. 318), ferrous 
sulphate had very little action in preventing putrefaction, and the Committee of the Berlin 
hTedical Society declined to recommend it for cholera, as they found it did not prevent fermeu- 
tativo action. 

1! Ninth Report of the Medical Officer to the Privy Council. 



616 


DISINFECTION. 


I 


in the air, was tried very largely in Austria and Hungary in 1832, but with- 
out any good results. Nitrous acid gaa was used at Malta in 1865, but 
apparently did not have any decided influences, although Kamon da Luna 
has asserted that it has a decided preservative efiect, and that no one was 
attacked in Madrid who used fumigations of nitrous acid. But negative 
evidence of this kind is always doubtful Charcoal in bulk appears to have 
no effect ; Dr Sutherland saw a ship's crew severely attacked, although the 
ship was loMed with charcoal. 

Carbolic acid vapour diffused in the atmosphere was largely used in 1866 
in England ; the liquid was sprinkled about the waiter, and sawdust 
moistened with it was laid on the floors and under the patients. The effect 
in preventing the spread of the disease was very uncertain. 

Yellow Fever. — In this case the discharges, especially from the stomach, 
probably spread the disease, and disinfectants must be mixed with them. 

Fumigations of nitrous acid were employed by Ramon da Luna,* and it is 
asserted that no agent was so effectual in arresting the spread of the disease. 

Dysentery. — It is well known that dysentery, and especially the putrid 
dysentery, may spread through an hospital from the practice of the same close 
stool or latrines being used. As long ago as 1807 fumigations of chlorine 
wore used by Mojon,t to destroy the emanations from the stools, and with 
the best effects. The chlorine was diffused in the air, and the stools were not 
disinfected ; but this ought to be done, as in enteric fever, and esj^ecially in 
the sloughing form. It is probable that carbolic acid in largo quantity would 
bo efficacious. 

With respect to Erysipelas^ Diphtheria^ Syphilis^ Gonm^rhoea^ Glanders, 
and Farcy, local applications are evidently required, and carbolic ansid, in 
various degrees of strength, and the metallic salts, are evidently the best 
measures. J 

Cattle Plague. — ^The experiments made by Mr Crookes on the disinfectant 
treatment of cattle plague with carbolic acid vapour have an important bearing 
on human disease. Although the observations fall short of demonstration, 
there are grounds for thinking that when the air was kept constantly filled 
with carbolic acid vapour, the disease Klid npt spread. So also euchlorine was 
employed in Lancashire by Professor Stone of Manchester, and with apparent 
benefit. Dr Moffat employed ozone (developed from phosphorus exposed to 
the air), and he believes with benefit.§ As such experiments are very much 
more easily carried out on the diseases of animals than on those of men, it is 
much to be wished that the precise effect of the so-called disinfectants should 
be tested by continuing the experiments commenced by Mr Crookes, not only 
in Qjittle plague in the countries where it prevails, but in epizootic diseases 
generally. ^ 


* Ann. d’Hygiene, April 1861. 

« + His words, as quoted by Chevallier, are interesting The dysentery became contagious 
in the Hospital at (^noa ; almost all the sick in my division, nearly 200, were attacked ; and, 
as we know that this disease, when contagious, is communicated ordinarily from one person to 
another by the abuse which exists in all hospitals of making the same latrines serve for all 
the sick of a ward. I wished to see if fumigations of chlorine had the power of destroying these 
contagious exhalations. 1 therefore caused fumigations to be used twice daily in the latrines, 
and, in a few days, I was able to destroy that terrible scourge, which already had made some 
victims.'' 


lustule, 

mptes Rendus, 


part being effectuaL It may be injected into the skin without injury. 

Sept, aud Oct. 1873). See also Report on Hygiene, Army Med. Reports, vol. 3 av. in which 
its use in sm^^ bite is suggested. 

§ On Meteorology in reference to Epidemic and Sporadic Cholera, by P. Moffat, M.D., 
Hawarden, 1868. 
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It may be said in conclusion, that although positive evidence is so deficient, 
yet taking into consideration the decidedly great and known effect of many 
so-called disinfectants and air-purifiers on organic matters, and the fact that 
the infectious organic agencies are certainly easily destroyed in most cases 
(since free ventilation renders many of them inert, and few of them retain 
their power very long), it is highly probable that the specific poisons of the so- 
called zymotic diseases are destroyed by some of these chemical methods, iind, 
at any rate, the careful and constant use of chemical agents for the destruction 
of the specific poisons in the excreta and discharges from the body, dnd when 
they pass into the air, is not only warranted, but should be considered 
imperativet 

Purification of Rooms after Infectious Diseases. — In addition to thorough 
chiansing of all wood-work with soft soap and water, to which a little carbolic 
acid has be(3n added (1 pint of the common liquid to 3 or 4 gallons of water), 
and to removal and washing of all fabrics which can be removed, and brush- 
ing of the walls, the room should be fumigated for three hours with either 
the fumes of sulphurous or nitrous acids. Both of these are believed to be 
superior to chlorine, especially in smallpox. All doors and windows and the 
chimney being closed, and curtains taken down, sulphur is i)ut in a metallic 
disli, a little alcohol is poured on it, and it is lighted. The proportions should 
be 1 lb of sulphur for every 1000 cubic feet of space and in a long room, 
it is best to have the sulphur in two or more places.! After three hours the 
doors and windows should be opened, and kept open for twenty-four or 
thirty-^x hours. 

In white-washed rooms the walls should be scraped, and then washed with 
^ot lime to which carbolic acid is added. 

Mortuaries and dead-houses are best purified with nitrous acid (see p. 
137). 

Purification of Clothes and Bedding.— Tlha best plan of doing tliis is 
certainly by the agency of heat. Dr Henry of Manchester, after showing that' 
vaccine matter lost its power if heated to 140'’ Fahr. for three hours, proposed 
to disinfect clothing by dry heat He disinfected scarlet fever 'clothing by 
exposure to 212“ Fahr. for one hour ; woollen clothing from phigue patients, 
after being heated twenty-four hours from 144“ to 167“ Fahr., was worn with 
imx)unity by 56 healthy persons for fourteen days. Heat has been largely 
used to disinfect clothing by the Americans in their civil war, both in the 
form of dry heat and boiling water. It is believed that the cessation of the 
plague in Fgypt, after St «John’s day, is due to the increased heat of the ah* ; 
but possibly the hygr^etiic condition of the air may have more to do with 

* Letheby gives a much larger proportion, viz., ^ ounce for every ten cubic feet. Even this 
is not an excessive amount. The quantity ^ven in the text yields little more than one per 
cent, to the quantity of air. Thus : — 11b of sulphur produces 31*7 cubic feet of sulphurous 
add gas, and this diluted with 1000 cubic feet of air gives only 1*17 per cent Half an ounce 
of sulphur yields 0*366 of a cubic foot of the gas, and this for 10 cubic feet of air gives 3*66 
per cent. Baxter found that 0*194 to 1 per cent, destroyed the reproductive power of septic 
luierozymes in an albiiininous or aqueous medium, but with 0*58 percent, the poison of infec- 
tive inilamiuation was still active. Vaccine was destroyed after 10 miimtes exposure to an 
atmosphere saturated with SO*, whilst chlorine, or carbolic add, took 30 minutes exposure. 
He concludes that for aerial disinfection SOj is the most convenient, but that the air should be 
saturated with it. 

+ A lamp has been propcised by Messrs Price & Oo., in which bisulphide of carbon is burned. 
This seems, from exT^riments made at Netley by Professor Macdonald, to be efficacious, but the 
extreme inflammability of the substance may be a source of danger. An ounce burned in .'>3 
cubic feet arrested the movements of putrefactive Bacteria in a meat infusion in a saucer ; it 
also made the infusion acid, but after some hours Bacteria were again in active motion. The 
amount of SO^ evolved in the air was 1 *16 per cent f ^ 
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tills. It has also heen siimiised that the yellow fever poison is destroyed hy 
an intense heat. Dr Shaw has collected the few facts which we know on 
this subject.* * * § 


Disinfecting Chambers, — Hot-air chambers, into wliich the linen and bed- 
ding are j)ut, are now commonly used in baking infected clothes. The tom- 
])eraturo ought not to be less than 220" Fahr., and probably a temj)erature of 
250" Fahr. is desirable, but it must not be carried much above this, as some 
fabrics are singed, f The usual arrangement is a furnace with the smoke 
shaft passing under or on one side of a brick chamber, and with a hot-air blast 
from a shaft running through or under tlu; fire into the chamber itself or into 
a passage below it, whence it passes into th(^ chamber through a valve ; an 
exit for the hot air is provided at the top of the cliamber ; the clothes are 
susp(jndod in the chamber, at a little distance from the walls. 

In other cases the bottom of the chamber is made of iron’ and the smoke 
flue passes beneath it j the iron becomes ixid hot, and is covered with sand, to 
prevent the clothes taking Are. Hot air is then poured into the chamber in 
th(^ sanuj way. J The disailvantage of the hot-air blast is the uncertainty and 
variation in the amount of heat. 

Dr Thiiisom of Nottingham has devised a gas stove, viz., an iron box well 
covered with non-conducting material ; in a channel leading to it a gas jet 
burns ; by mi^aiis of a regulator (modilled from Kemp's regulator) the heat is 
kept uniformly, day and night, between 235" and 255® F.ahi*. ; the hourly 
consumption of gas is 9 cubic feet for a small stove, which is sufficient for the 
hospital at Nottingham.§ 

JSteam has been aLso us»^d ; and, at Berlin, a steam disinfecting chamber, 


* 'JVans. >Soc. Science Assoc, for 1864, p. 558. 

f My friend. Dr Jian.s»nn of Nottingliani, has made experiments cn this point, and tlicmgh 
when clothes are wet, higher ternpeititurcs can be iisetl, yet vvlien the clothes get dr^', he found 
that fine fabrics begin to scorch at 255'* or 260'’. 

In the Lancet (11 December 1876) I reported the results of some experiments undertaken at 
the request of the Director-General (A. M.D.). I found that woollen fabrics changed colour 
alter 6 houi*s exposure to 212^ Fahr., or two houra at 220"* Fahr.; geiiemlly len^h of exposure 
and elevation of temperature are complementary. Cotton and linen showed signs of change 
of colour after 6 hours at 212^ Fahr. or 4 hours at 220"' Fahr. "^nie Sanitary Regulations direct, 
that infected clothing, &c., shall be exposed to dry heat of 212” Fahr., for at least two hours. 
Dv 15. Vallin, Professor of Military Hygiene at the Val-de-Grfice, has Tuade further experiments 
on these points (De la Desiiifection par Pair chaud,Meinoires de la Society de Medicine Publiquo 
et dTIygicno Professioiielle, 1877). He finds that a piece of new white flannel is not more dis- 
coloured after 2 hours at 230” Fahr. than after one ordinary washing, and that even after three 
hours a piece already washeil .shows no change ; 2 houi*s, however, at 240^ Fahr. to 250® Fahr., 
.show distinct change. He finds also, that cotton and linen <lo not change until they have been 
exi3ase<l for 2 hours to 257® Fahr. The strength of the material is not diminished (as shown hy a 
<lynainorueter) until after 2 hours at 300® Fahr. Horse-hair becomes friable after exposure to 
lieat, but this is chiefly an effect of di-yiii^, as it regains its ordinary condition in a short time, 
on reabsjorbing moisture (Vallin, Lake). [P. de C.] 

$ At Liverpool the disinfecting chambers are 6 feet wide, 7 feet from front to back, and 
feet high to the spring of the arch. The walls and vaults are brickwork, tlie doors of wrought 
iron, fitting tightly into cast iron frames ; in the floor there are double iron sliding gratings, 
and beneath it a hot-air passage. At the top of the arch, is an opening with an iron valve, 
for the escape of the air into an exhaust shaft which is carried into the chimney. The heating 
apparatus is a CJist-iron cockle ; two cast-iron smoke fines from it pass along the hot-air 
passage under the chambers into a chimney at the opposite end. Cold air is drawn along a 
brick flue underneath the floors of the stokehole into a space on each side of the cockle, and 
tljen into the passage under the chambers ; it is admitted into chamboi*s at pleasure through 
the sliding iron gratings in the floor. A damper at the entrance of the cold-air flue regulates 
the temperature. A temperature of 280” Fahr. has been registered in these chambers, and no 
less than 380® in a drying closet over the cockle. 

§ Dr Hansom has introduced a modification (since an accident took place at the Southampton 
Infirmary, where all the clothes, &c., were consumed), by which a chain with a link of fusible 
metal is set free by the melting of the link at 800® F.; this closes a door, shuts off the gas, and 
pleveuts any further rise of heat. 
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proposed by Dr Esso,* is said to work well This chamber is in the form of 
two iron (jylinders of different diamotei’s, one inside the other, and with walls 
strong enough to withstand the pressure of the steam ; between the two 
cylinders steam enters from a neighbouring boiler, and heats the internal 
cylinder in which the clothes are suspended ; at the top of the cylinder is a 
brass box which dips a little way down, and is pierced with holes at the 
bottom, so that the air of the inner cylinder can rise into it ; in the box is a 
thermometer. The outer cylinder is covered with wood, and the top of the 
cylinder with felt, to economise heat ; the steam, when it condeijises in the 
space between the cylinders, Hows out by means of a valve, which is lifted 
when the water reaches a certain point in the condenser. The clothes are in- 
troduced at the top, the lid of tlie cylinder being lifted up by a pulley ; they 
are not allowed to touch the cylinder, but are suspended from wooden pegs. 
In an houi*’s time the heat can bo brought to 90" E. (=:234''’5 Fahr.). 
Another aj)paratiis has beim contrived by Esse for mattresses. It is an iron 
case with a spiral steam pipe in the centre, which heats with compressed steam 
(two atmospheres), f 

The ordimuy drying closet in a good laundry will sometimes give heat 
enough, but not always. A baker’s oven can also be used on emergency. 

Socihinrj and Boilhyj Clothes , — The boiling of clothes is not so goodtas bak- 
ing, but still is very usef iiL It is desirable to add some chemical agent to the 
water, and chloride of lime is frequently used in the proportion of 1 gallon 
of the strong commercial solution to 20 or 30 gallons of water. Carbolic acid 
(1 part of pure acid and 2 i)arts of commercial acid to 100 of water) is also 
much employed. The German military regulations order the clothes to bo 
laid for twenty-four hours in a solution of sulphate of zinc, in the proportion 
^ of 1 part to 120, or of chloride of zinc, in the projxntion of 1 part to 240, and 
them to be washed with soa]) and water, if the clothes cannot be baked. Tho 
routine I havre myself followed in the case of a large military hosj)ital during 
war was to receive all dirty clothes into a large open shed, and to plunge them 
at once into tubs of cold water with chloride of lime. After twelve to twenty- 
four hours soaking, acc«n*ding to their condition, they were put into coppers 
and boiled, chloricle of lime being again added to the water ; they were then 
put int(j the waslung-machine, and then dried and baked in a dry closet, 
lieated to the highest point we could get, about 200° to 230° Falir. If lice 
were very numerous, it was a good plan to bake the clothes before soaking ; 
tho lice were mostly killed, but some were only toipid, and were still living, 
after a tempemture of probably 200° Fahr. They could, however, be shaken 
out of the clothes easily even if not dead. 

Fumigating Clothes , — This is best done with sulphur, which may be used 
in tho hot chamber, or the clothes are suspended in a small close chamber or 
large vat, and. a largo quantity of sulphur is set on fire, care being taken that 
the clothes are not burnt. Hair mattresses must bo taken to pieces before 
fiimigatioh if they are much defiled.^ 

* Deutsche Vierteljahrsch. fiir off. Gesundheitapfl^e, band iii. p. 534 (1871). 

+ A steam cylinder is used at tho London Fever Hosptal, for disinfecting the feathers used 
as bedding. 

± Directions for disinfection and fumigation are given in the Army Medical Regulations ; 

38407 

see Sanitary Regulations ” issued as a circular, Sanitary, December 1870, section v. par. 32 to 40. 
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CHAPTER XX. 
STATISTICS. 


An accurate basis of facts, derived from a sufficient amount of experience, 
and tabulated with the proper precision, lies at the very foundation of hygiene, 
as of all exact sciences. Army surgeons have already contributed much im- 
portant statistical evidence as to the anxount and prevalence of different 
diseases, and it is evident that no other body of medical practitioners possess 
such opportunities of collecting, with accuracy, facts of this kind, both among 
then* o\vn nations and others. As they liave to make many statistical returns, 
it seenis desirable to make a few brief remarks on some elementary points of 
Statistics, which aie necessary to secure the requisite accuracy in collecting and 
aiTauging facts. But it is, of course, impossible for me to enter into the 
mathematical consideration of this subject ; even were I competent, a separate 
treatise would be required to do justice to it. 

SECTIObT 1. 

A FEW ELEMENTAEY POINTS CONNECTED WITH GENERAL 

STATISTICS. 

1. The elements of statistical inquiries are individual facts, or so-called 
numerical units, which having to be put together, or classed, must have pre- 
cise, definite, and constant characters. For example, if a number of cases of 
a certain disease are to.be assembled in one group with a definite signification, 
it is indispensable that each of these cases should bo what it purports to be, 
an unit not only of a definite chameter, but of the same character as the other 
units. In other woids, an accurate diagnosis of the disease is essential, or 
statistical analysis can only produce error. If the numerical units are not 
precise and comparable, it is better not to use them. A great responsibility 
rests on those who send in inaccurate statistical tables of diseases ; for it must 
be remembered that the statist does not attempt to determine if his units are 
correct ; he simply accepts them, and it is only if the i*esults ho brings out 
are different from prior results that he begins to suspect inaccuracy.* 

2. These items or numerical units being furnished to the calculator, are 
by him aii-anged into gi’oups ; that is to say, he contemplates the apparently 
homogeneous units in another light, by selecting some chm’acteristic which is 
not common to all of them, and so divides them into groups. To take the 
most simple case : A certain number of children are born in a year to a given 
populatioru The children are the numerical units. They can then bo 
separated into groups by the dividing character of sex, and then into other 
groups by the dividing character of bom alive,” or “ still born,” &c. 

* It is in vain to conceal the fact that many persons look at tables of diseases collected in- 
d^ci^minately as worse than useless, from errors in diagnosis. Even in the army returns, 
which are all furnished by qualified practitioners, there is reason to doubt the correctuess of the 
earlier tables especially. But it is oelieved that the army returns of diseases are now gaining 
in accumey, and it cannot be too strongly uiged on medical officers that perfect accuracy in 
diagnosis is a duty of the highest kind. It is much better to have a large heading of undeter- 
mined diseases than, when in doubly to put a case of disease under a heading to which it has 
no unequivocal pretensions. 
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Or, a nuinber of cases of sickness being given, these numerical units (all 
agreeing in this one point, that health is lost) are divided into groups by 
diseases, &c. ; these groups, again, are divided into others by the character of 
age, &c., and in this way the original large group is analysed, and separated 
into minor parts. 

This group-building seems simple, but to properly group complex facts, so 
as to analyse them, and to bring out all the possible inferences, can only be 
done by the most subtle and logical minds. The dividing character must be 
so definite as to leave no doubt into which group an unit shall fiill ; ' it must 
be precise enough to prevent the possibility of an unit being in two groups at 
the same time. This rule is of the greatest importance, and many examples 
could be pointed out of error from inattention to it. 

Having decided on the groups, their numerical relations are then expressed 
in figures, for example : — 

3. In order to express the relation of the smaller groups to the gross 
number of individual facts or units, a constant numerical standard must be 
selected, else comparison between groups of unequal numbers cannot be made. 
The standard universally adopted in medical sbitistics is to state this relation 
as a percentage, or some multiple of a percentage. So much per cent., or per 
1000, or per 10,000, is the standard. Tliis is got simply by multii)lying the 
number of units in the smaller group by 100, and dividing by the total 
number of units. Thus, let us say there occur 362 cases of pneumonia ; this 
is divided into two groups of recovered or died, say 343 recoveries and 19 
deaths j and their relation may be expressed in one of two ways, viz., either 
by the x^jlation of the deaths to the total number of cases, which will be — 


19x100 

362 


6*248 per cent. 


of mortality ; 


or by the relation of the deaths to recoveries, viz. — 


19x 100 

343 


5*64 per cent 


4. Having established that in a certain number of cases, divided into 
groups, the number in each group bears a certain proportion to the whole, how 
far are we justified in concluding that the same proportions will bo rej>eatcd 
in future cases ? This will chiefly depend on the number of the cases. If 
the number of cases from which one proj)ortion has been taken is small, we 
can have no confidence that the same proi)ortion will be rt'.peated in future 
cases. If the number is largo, there is a greater probability that the propor- 
tion in succeeding numbers of equal magnitude wdll be the same. The result 
obtained even from a very large number is, however, only an approximation 
to the truth, and the degree in which it approacht^s the truth can be obtained 
by calculation. The following rule is given by Poisson for calculating tlie 
limits of error, or, in other words, the degree** of approximation to the 
truth : — 

Let be the total number of cases recorded. 
m bo the number in one group. 
n bo the number in the other. 

So that 


The proportion of each group to the whole' will be respectively ~ and 

but these proportions will vary within certain limits in succeeding instances. 
The extent of variation will be within the proportions represented by ^ 
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— + 2 /2- 
/X V /i® 

2 /2 ■ m. 
M V li? 


and* ^ n Ill,, n 

I*. V /(i-? 

It AviU be obvious that the larger the value of /* the loss will be the value of 
a / and consequently the less will be the limits of error in the simple 

V Ui 


proportion ^ . 

All example will show how this rule is worked. The following is given by 
Gavarret (“ Statisqiie MAlicale,” 1840, p. 284) : — 

l^ouis, in his work on “ Tyxihoid Feviir,” endeavours to dcjtemiine the 
effect of remedies, and gives 140 cases, with 52 deaths and 88 recoveries. 
WJiat is the mortality j)er cent., and how near is it to the true proportion ? 


52 = number of diiaths. 
n= 88 = number of recoveries, 
/i. = 140 = total number of cases. 


37 deaths in 100 easels, or more jirecisely 37,143 deaths in 100,000 cases. 
Ho\V near is tlim. ratio to tlie truth? The possible error is as follows — the 
second half of thti formula, viz . — 

9 / 2 , m . n 

■ W-^- 

will bo 

9 /2x 52x 88 

V (i 4 o)« “ O'llSSO to unity. 

(Or 11,5.50 in 100,000.) 

The mortality being 37*143 per cent., or 37,143 deaths in 100,000 cases, 
in these cases, it may be in other 140 cases either 

37,143 + 11,550 = 48-693 per cent, 
or 37,143-11,550 = 25-593 

In other words, in successive 140 cases the mortality will range from 49 per 
cent, (nearly) to 26 per cent, (nearly), so that Louis' numbers are far too few 
to give even an approximation to the true mean.! 

5. There being a number of facts, each of which can be expressed by a 
numerical value, an average or mean number is obtained by adding all the 
numerical values, and dividing by the number of facts. { 

In many cases the method by successive means is very usefuL This con- 
sists in taking the mean of the mean numbers successively derived from a 
constantly repeated scries of events (say the mortality to a given population 


This is sometimes stated thus : 


jPo. /Spfe-p) , 


when q =* total number of events, 

and p number of events in any particular direction. 

+ Tbo relative values of two or more series are as the square roots of the numbers of obser- 
vation.s. So also, by increasing the number of observations in any inquiry, the value (or 
accuracy) increases as the square root of the number. 

X The arithmetical me^in is used in medical inquiries ; but there are, in addition, the geome- 
trical, harmonic, and quadratic moans. For an account of these, and for many rules, I beg 
to refer to Pr Bond’s translation of Professor Kadicke’s Essay, New Sydenham Society PubC 
vol. xi. 
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yearly). Supposing, for example, fche animal mortality in England to he, in 
successive years, 22, 23, 21, 26, 23, 21, 22, 28, 22, 21, per 1000 living, the 
successive means would be — 

22 + 23 22 + 23 + 21 22 + 23 + 21+26 

2 3 4 

and so on, until the numbers are so great as to give every time the same 
result. It is useful to calculate the successive means in both the diiect and 
invcjrse orde.r, viz., from first to last, and then from last to first, Le,, putting 
the two last together, then the ihiX3e last, &c., so as to sec if the variation was 
greater at the end of a series than at the beginning. The degree of uncertainty 
is then the mean variation between the successive means.* 

A plan almost the same as this has been used ; a certain number of facts 
being recorded, the sum is divided into two, three, or more parts, and it is 
then seen whether the results drawn from the lesser groups agree with that 
drawn from the larger group and with each other. If there is any great 
diffiireneo of results, the numbers of the lesser groups are not sufficient. In 
tile instance given above, the mean of the ten years is 22*9 ; the mean of the 
lirst three years is 22 ; of the second three years is 22*33 ; of the tliird three 
years is 24. The term of three years is therefore far too short to allow a safe 
conclusion to be drawn. The mean of five years again is 23, and of eight 
years is 22*8, numbers which arc much nearer each other and the mean of the 
Avholc ten years. 

The application of averages w'hen obtained is of great importance, but tlieiu 
is one usual eiTor. The results obtained from an average (that is, from the 
mean Result obbiinod from a number of units, not one of which perhajis is the 
same as the mean result, but either above or below it) can never be a])])lied to 
^ particular case. On either side the average there is always a range tlie value 
of which inay be obtained by Poisson's rule as above, and the particular case 
may bo at either end of the imige. The use of the average is to apply it to 
an aggregate of facts. Then supposing it be founded on a sufficient nimiber 
of cases, it ^vill be exact. 

6. Ill adilition to averages, it is always desirable to note extreme values, 
that is, the two ends of the scale of which the average is the middle. To use 
1^1* Guy's i>ointed expression, “ averages are numerical expressions of proba- 
bilities; extreme values are expressions of possibilities.”! In taking too great 
note of mean quantities, we may forget how great a range there may lie above 
and below them, and it is by reminding us constantly of this that Poisson's 
rule is so useful % 


* To find the viean error :—l. Find the mean of tlio series of observations ; find tlie mmus 
of all the observations oJ)o-ve the menu, and subtract the mean from it, this gives the mean, 
error in excess. 2. Find the 7nea7i of all the observations helow the mean, and subtract it 
from the moan, this gives the mean enx)r in deficiency. Add the two quantities, and take the 
half, this is tl\e mean eiror. 

To find the error of mean square : — Square each of the observations and add them together, 
subtract fioin this sum the square of the mean, multiplied by the nimiher of observati<Jiis, 
then, calling thLs remainder (*S), and the number of observations (w), we liave ; — 


Error of mean square, 


Of a single measure, 
Of the result, . , 


rjT . 

\/ 7i(W-l) 


’ The probable error is obtained by taking two-thirds (nearly) of the mean error or error of 
mean square, the actual ratio beii^ 1 : 0*6745. „ , . 

+ Oycloptedia of Anatomy and Physiology — Art. Statistics. 

$ Tn a good (that is a trustworthy) series, the extremes on the two sides of the mean will 
balance each other, the numbers being distributed according to the coefficients of a binomial. 
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7. Statistical results are now frequently expressed by graphic representa- 
tions, a certain space drawn to scale representing a number. The most simple 
plan is that of intersecting horizontal and vertical lines. 

Two lines, one horizontal (axis of the abscissoe), and the other vertical (axis 
of the ordinates), form two sides of a square, and are then divided into seg- 
ments, drawn to scale — vertical and horizontal lines are then let fall on the 
points marked ; the axis of the ordinates representing, for example, a certiiin 
time, and the axis of theabscissm representing the number of events occurring 
at any tiina A line drawn through the points of intersection of these two 
quantities forms a graphic representation of their relation to each other, and 
the surface thus cut can be also measured and expressed in area if required, 
or the space can be plotted out in various ways, in columns, pyramids, &c. 
In the same way circles cutting radii at distances from the centre drawn to 
scale are very useful ; the circles marking time (in the example chosen), and 
the radii events, or the reverse. Such graphic representations are most useful, 
and allow the mind to seize more easQy than by rows of figures the connection 
between two conditions and events. 

Geiiei’aUy speaking, it may be said that the amounts of sickness and mor- 
tality in different bodies of men or in the same body of men at successive 
periods, show such wide variations, that the mean error is always very great, 
and it requires a very large number of cases, and an extended period, to de- 
duce a probable true mean. For this reason it is necessary to bo cautious in 
apportioning blame or credit to i)ersons, or to spcjchd modes of treatment, un- 
less the numbers are very large and accordant. The circumstances infiuencing 
the result are, in fact, very numerous, and the proi)er estimation of a numeri- 
cal result is only i)ossible when it is considered in reference to the circum- 
stances under which it occurs. ^ 

The most important statistical inquiries applied to health are-— 

1. Births to Bopulaiion, — To obtain all these elementary facts, an accurate 
census and jjroper registration are required. It is only within the last few 
years that the most civilised nations have commenced these inciuiries. 

2. Relative Number of Live and BtiU-Bom^ of Premature and Full-Gromn 
Children. 

3. Number of (Jhildren Dying in the First Year, mUh Sub-Groups of Sex 
and Months. — ^There are two great periods of mort^ity in the first year, viz., 
in the first week, and at the time of weaning, about the seventh month. 

4. Amount of Sichiess to Population. 

(a) Number constantly sick, grouped according to sex, age, occupa- 

tion, and diseases. 

(b) Average duration of sickness, &c. 

5. Amoivnt of Yearly Mortality in a Popidationy or Deaths to Popidation . — 
The deaths are generally expressed as so many deaths to 1000 or 10,000 liv- 
ing ; but the deaths can be calculated in relation not only to the number li v- 
ing at the end of the time, but to that number plus a certain addition to bo 
made on account of those persons who lived during part of the time, but died 
before its close. But the difference is not material. Grouped according to 
sex, age, (fee. 

6. Mean Age at Death of a Population is the Sum of the Ages at Deaths 
divided by the Deaths. — ^The mean age at death expresses, of course, the ex- 
pectation of life at birth. Or the mean lifetime. It is no very good t^t of the 
health of a people, as a great infant mortality may reduce the age, though the 

whose exponent is the number of possible events in the series (see Quetelet, on Probabilities ; 
Airy, on the Theory of Errors of Observation; Meiximan, Theory of Least Squares ; De Chuu- 
mont. Lectures on State Medicine). 
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health of the adults may be extremely good. The mean age of death in 
England is about 40 years. 

7. Mean Duration of Life {vie morjenne ), — ^This is the expectation of life at 
birth ; at any other age than birth, it is the expectation of life at that age (as 
taken from a life-table) added to the age. It is no good test of sanitary con- 
dition or health. 

8. Probable Duration of Idfe (vie probable ; probable lifetime) is the age at 
which a given number of children bom into the world at the same time will 
bo reduc('.d one-half. 

9. Eoc^ectaiimi of lAfe^ Mean Future or After Lifetime . — ^This is the true 
test of the health of a people. It is the average length of time a person of 
any age may bo expected to live ; and in order to construct it, we must know 
the number of the living, their ages, the number of deaths and the ages, and 
the other changes in the population caused by births, emigration, immigration, 
&C. It does not, of course, follow that any particular person will live the 
time given in such a table ; he may die before or after the period, but taking 
a largo number of cases, the average is then found to apply. Life-tables show 
at a glance the expectation of life at any age. 

After the first year the chances of living increase up to the fourth year ; 
the fifth year is nearly as good, and then the chances of life lessen, but at first 
slowly, and then more rapidly ; from 5 to 40 years of age the expectation of 
life hissens in the ratio of from 2| to or years for each quinquennial 
period. 

England.* 


At. 

Males. 

Females. 

Ago. 

Males. 

Females. 

Ago. 

Males. 

Females. 

0 

39-91 

41-85 

10 

47-05 

47-67 

70 

8-45 

9-02 

1 

46-66 

47-31 

20 

39-48 

40-29 

80 

4-93 

5-26 

2 

48-83 

49-40 

80 

32-76 

33-81 

90 

2-84 

3-01 

8 

49-61 

60-20 

40 

26-06 

27*34 

95 

2-17 

2-29 

4 

49-81 

50-43 

50 

19-54 

20-75 

100 

1-68 

1-76 

5 

49-71 

50-33 

60 

13-53 

14-34 
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ABMY STATISTICS.t 

At the close of the Peninsular war in 1814, Sir James M^Grigor com- 
menced the collection of the statistics of disease and mortality in the English 
army, and during the course of the next twenty years a great amount of valu- 
able evidence was accumulated. In 1835 Dr Henry Marshall (Deputy- 
Inspector of Hospitals, and one of the most philosophical surgeons who have 
ever served in the English amtj^) commenced to put these returns into shape, 
and the late Major-General Sir Alexander Tulloch, K.C.B. (at that time a 
lieutenant in the 46th Regiment, employed in the War Office), was associated 
with him. In the following year, on the retifement of Dr Marehall, Dr 
Balfour, the late head of the Statistical Branch of the Army Medical Depart- 
ment, was appointed as his successor, and in conjunction with Sir A. Tulloch, 
brought out the series of reports on the health of the army which have had 
such influence, not merely on the causes of the sickness and mortality among 
soldiers, but indirectly on those of the civil population also. In 1838-1841, 


* Abridged from Br Farr's Life Tables. Some interesting information will be found in 
Statistics of Families, by C. Ansell, jun., 1874. 

+ The short summary of the histoi^ of the Army Statistical Reports is chiefly taken from Dl 
Balfour's account, in the Army Medical Report for 1860, p. 131. 
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leports were issued of the following stations : — United Kingdom, Medi- 
terranean, and British America, West Indies, Western Africa, St Helena, 
Capo, Mauritius, Ceylon, and Tenasserim. 

These returns included the years 1817-1836. In 1853 another report, con- 
taining the stations of the troops in the United Kingdom, Mediterranean, and 
British America, including the years 1836-1846, was prepared by the same 
gentlemen. 

In these reports, in addition to the statistical analysis, short but most 
grajihic and comprtdiensive topographical and climatic accounts of the 
ditterent stations were given. 

The effect of these several reports, and especially of the earlier issues, was 
to direct the attention of the Governimint, both to the fact of an enormous 
sickness and mortality, and to its causes, and tlien commenced the gradual 
series of improvements which at a later period were ‘ urged on by Ijord 
Herbert with so much energy. 

The Russian war of 1854-1855 prevented any further publiciation until 
1859, wlum yearly reports were commenced by Dr Balfour, and havci been 
regularly issut^d since. In the report for 1860 Dr Balfour has given a 
summary of tluj earlier and later mortality of the different stations beiore ami 
after 1837, which shows a remarkable difference in favour of the later periods 
as r(‘gards both sickness and mortality.* 

Sub-Section L 

AVith respect to soldiers in time of the statistical evidence isrequinid 
to show the amount of benefit the State receives from its soldieis, and the 
amount of loss it suffers yearly from disease. Tabl(^s shoidd therefore sliow — 

1. The amount of loss of strength a detinito number of men in each arm of 

the; service suffers in a year — ^ 

{(() By deaths, or, in other words, the mortality to strength. 

(h) By invaliding from discixse,t for if this is not regarded, different systems 
and modes of invaliding imiy entirely vitiate any conclusions drawn from the 
iijortality. 

The groups thus formed must be again subdivided, so as to show — 

(a) The causes of death or invaliding. 

(5) The ages of those who die or who are invalided. 

(c) Their length of service. It is of great importance to determimj the 
inffuence of service in every year, and these gi'oups should be again divided 
by ages. 

2. The loss of effective service a definite number of men — say, 1000 in each 
arm — sufffirs during a year. This is best expressed as follows : — 

(o) The total number of cases of disease in a year, r.e., the number of ad- 
missions to hospital per annum. It must be understood that this does not 
express the number of men admitted, as one man may be admitted two, tliree, 
or even ten times with the same disease ; each adjnission counts as a fresh 
case. It would be very important to have another table showing the numher 
of men admitted for different diseases, or, in otlier words, the number of cases 
of re-admission for tlio same disease. 

(5) The number constantly sick on an average. This is often called the 

* In the chapter on India, I have mentioned the chief statistical papers which refer to that 
country. 

+ Loss by purchase of discharge, expiration of term of service, imprisonments, and dis- 
missals from the Army, must also bo put under separate headings : but the medical ofticer has 
nothing to do with this point, except to see that such cases are not confounded with invalid- 
ing fiom disease. 
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sick population, and is obtained most easily in army hospitals by dividing the 
number of diets issued in a year by the purveyor by 365, or adding all the 
“ remaining ” on the daily or weekly states together, and dividing by 365 or 
52, as the case may be. 

(r) Tlio total number of days lost in a year to the service by illness 
by the 1000 men, and of the number of days per head. The number of the 
sick population (that is, the number constantly sick out of, say 1000 men) 
multiplied by 365 and divided by 1000, or by the number furnishing the 
sick, whatever that may be, gives these facts. 

(d) The mortality in relation to sickness. 

The group constituted by the sick must then be subdivided by diseases, 
and lesser groups must bo made by distributing the causes of sickness and 
deatlis under ages and length of service. 

There are a few points which require attention. The amount of sickness 
and mortality is calculated on the mean strength, that is, the number of men 
of a regiment present at a certain station on the muster days divided by the 
number of muster days. But it must be understood that this includes tlie 
sick men in hospital as well as the healthy men, and therefore does not per- 
fectly express the amount of disease among the healthy men. Also sometimes 
the muster rolls of a regiment include men on detachment at some distance, 
whoso sickiKiSS is not attributable to the headquarhir station. The French, 
in their Army Statistical lietums, make two headings, one of “ mean 
strength ” {ciffedif moyen\ and the other of “present ” {preHents)^ the men in 
hospital nut being included in the latter. Moreover, in the French Army, 
nearly one-sixth are always absciiit on leave ; and the deaths of those on leave 
are inoluded among the army deatlis, but the sickness is not so. Con- 
S(iquently, sickness has to bo calculated on the number not on leave ; deaths, 
o’^ the total strength. In the French army officers arc included with the 
men ; in the English, separate returns are made. 

It is often difficult to get the mean strength if there are many changes of 
troops, and instances of erroneous calculations from this cause are not 
uncommon.* 

In calculating also the cflect of age and kmgth of service upon divsease and 
mortality, it is necessary to know not only the ages and length of service of 
the sick men, but of the healthy men also, and to calculate out the proportion 
of the sick to the healthy at that particular age or length of service, otlicrwiso 
very erroneous conclusions might be drawn. For example, it might appear 


* I snUjoin one wbicli Dr Balfour lioa given. It will be seen that an unhealthy station 
(Masulipatam) in India is credited witli a much greater degree of liealth than it really was 
entitled to, and the annexed extract from Dr Balfour’s paper (Edin, Med. and Sui-g. Jour. No. 
172) shows clearly how the mistake arose : — 

“ The [Madras] Medical Board, in submitting to Govemnient the table from whicrh these 
figures are computed, stated th.at the ratio of mortality among all the European regiments in 
the Presidency, from January 1813 to December 1819, was 5-690 per cent. ; whilst tliat of the 
regiments at Slasulipatam, from 1813 to 1832 inclusive, was 5*100 per cent. They then add— 
‘ Tlie rate of mortality having been somewhat lower than throimhout the rest of the Presidency 
for sucii a period, gives reason to conclude that the station cannot be considered under ordinary 
circumstances as unhealthy.* Now, the Board appears to have arrived at this conclusion from 
an error in the mode of calculating the ratio. In sevej-al of the years between 1813 and 1832 
the regiments were quartered at Masulipatam during part of the year only. It must be 
obvious to any one conversant with the principles of statistics, that in such a case a propor- 
tion of the annua! strength only should be taken con-esponding with the ))eriod lor which the 
regiment was quartered there. Tims, if the period was nine mouths, the sicknass and mortality 
should be calculated on three-fourths of the strength ; if eight months, on two-thirds, and so 
forth. 'Phe Board, however, have made the calculation in every instance on the average annual 
strength without any such deduction. Had the necessary correction been made, the deatlis 
from 1813 to 1832 would have been found to average 6*394 per cent, annually, instead of 6*100, 
as above stated.** 
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that sick men under nineteen years of ago were very numerous in proportion 
to other years, hut in a young army the greater number of the force might be 
of this Caro is necessary in all these points to arrive at correct con- 
clusions. 

Sub-Seotion IL — Statistics in War. 

In time of war the statistics must be slightly altered in form, though the 
same in princiido. The object is to show as completely as possible to the 
General in command what amount of loss his army is suffering at the moment, 
and to what extent it may be expected to suffer, and also what are the causes 
of such sickness. 

The sickness here must not only be calculated on the mean strength (which 
will include the men in hospital), but also on the healthy men, or those 
actually under arms and effective. If the sick are counted in the strength, 
the sickness of tlie army may be much understated. What a General wants 
to know with r<>gaKl to sickness will be these points : — 

1. How many men am I losing daily from the rank and file actually 
serving with the colours 1 

2. How many are replaced by discharge from hospital ? 

3. What is the balance, gain or loss ? 

4. If my effective force loses daily, when this balance is struck, such a 
percentage, what will be its loss of strength in a week, in four weeks, in six 
weeks 1 &c. 

5. What are the causes, i,e,, what are the diseases which are causing this 

sickness, and how are they affected by special circumstances of age, particular 
service or arms, or other causes ? • 

The mortality in war should bo calculated on the mean strength, that is, on 
the total number of healthy and sick, and also on the sick** alone, so as.^o 
represent both the loss of the eumy and the fatality of the sickness. 
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THE SEEVICE OF THE SOJ.DTEK * * * § 

It is now necessary to consider a little more particukily the nature of the 
service of the soldier, and the influence it ha,s on him. A recruit entering 
the army from civil life comes under new conditions, which will require to 
be shortly enumerated. 


CHAPTER L 

THE RECEUIT. 


In the English army, young men are enlisted at cight(ien years of agc,+ unless 
they are intended for drummers. They must be of a certain hoiglit, which 
is fixed by rcjgulation from time to time, according to tluj i>fu*ticular arm, and 
to the demands of the service. There must also he . a special girth of the 
clu^st, which is in j)rop()rtion to the ago and lioight. 

In time of war, the measurements are reduced aocordiiig to the demand 
for men ; and even in time of peace, the necessary lieiglit of the infantry 
r(icriiit, usually 65 or 66 inches, has been sometimes only 5 feet 4 inches, f 
Before the enlistment is completed, the recruit is examined by a medical 
officer, and then by the surg< •on-major of the ri^cruiting district, according to 
a scheme laid down in the Medical Kegulations.§ The scbeme is a very good 
one, and aims at investigating, as far as can he done, the mciiitil conclition ; 
the senses ; tlui general formation of the body, and es})ec;ially of the chest ; 
the condition of the joints ; the states of the feet ; ih(i ahsoiice of hernia, 
varicocele, piles, <fec. ; and the condition or physical examination of the heart, 
lungs, and abdominal organs generally. 1| A certain girth of chest according to 
the height is required. H 

After joining his regiment he is again examined, and may he rejected if any 

* Medical otliccrs entering the army will fimiapi'eat deaf of useful sanitary information and 
details of duty beariug on health in Sir Ganiet Wolseley’a Soldiers’ Rocket Book for Field 
Service. 

+ In reality, they sometimes enlist under this age. 

X By tlie last General Order, 15th Sept. 1877, it is raised to 5 feet 5 inches (except for the 
Rifles) fi-om 5 feet 4.], which was the height fixed in 1876. 

§ For a full account of the system of recruiting, the mode of examination, and much useful 
information on disabilities, see a paper by Dr Crawford in the Army Medical Report for 
1862.--^Blue Booky 1864. 

II As the Medical Regulations are in the hands of all medical officers, it is unnecessary to go 
into more detail on this point. My colleague, Prores.sor Longraore, uses in the Army Medical 
School a set form of examination, which renders it almost impossible that any point should 
be overlooked. 

IT At present, 34 inches for 65 in height 

2 L • 
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defect is discovered. Eojections may take place then either at the primary 
or secondary inspection. 

Both the average weight and height, especially the latter, will vary with 
the demand for men. 

The trades of the men furnishing the i* * * § ccriiits must also vary greatly from 
year to year.* 

The total number of rejections, either at once or after re-examination by a 
second medical ofH(;er, on various grounds, of men brought by the recruiting 
Serjeant to tlie medical officer, varies somewhtit from yetir to year. 

About two-lifths of the rejections arise from causes connected with general 
bad health or feeble constitution, and one-fifth from causes affecting the march- 
ing powers of the in(*ii (Balfour). 

In the Erench army, the height was fixed in 1860 at 6S inches (1*76 metres) 
for the carabiniers, and 61 J inches (1*56 metres) for the infantry of the line. 

In 1872 the minimum for the cuirassiem was reduced to 1’^^‘70 (67 inches) 
without any fixeil maximum. 

In 1868 the minimum for the line Avas reduced to 1“*55 (61 inches), and 
still further in 1872 to 1’“’54 (60^ inches).! 

The rej(‘etions in the French cons(‘.rij)tion include men rejected for 
insufficient hiu'ght, as well as reasons of health, f 

After the recruit has been enlisted and approved, he joins his depot or his 
regiment ; receives his kit, Avhich he subso(|ucntly in ])art keeps uj) at his own 
cost ; and is put on the soldier's rations. He enters at once on Ills drill, Avhich 
oc(iUpies from to 4| hours daily, Wlxerever gymnasia are established, 
goes through a two-months' course of gymnastic training for onti hour eveiy 
(Lay. He then goijs to rifle drill, Avhich lasts about six weeks, and theif joins 
the ranks. After the rifle drill, h(j has another month's gymnastic training, 
and is then supposed to be a finished soldier. ^ 

Such being the system, it will be desiiuble to consider certain iionits. 

1. 21io. A(je of the Recruit , — Strong opinions have been (expressed 
hy Ballingall (English army), Levy (French army), Haniniond (American 
army), and other army surgeons, that the age of 17 or 18 Is too low — that the 
youngest recruit slioull be 20 or 21 years of ago. 

This oiiiuiou is based both on actual experience of tlio effect produced on 
hoys of 17 to 20 when exposed to the hardships of Avar, or even to heavy duty 
in time of peace, and on a physiological consideration of the extreme imma- 
turity of the body at 18 years of age. 

With regard to the first jioiut, there is no doubt that to send young lads of 
18 to 20 into the fitdd, is not only a lamentable Avaste of material, but is posi- 
tive cruelty. At that age such soldiers, as Napoleon said, nuiroly stniAv the 
roadside and fill tlje hos])itals. The most effective armies liaA'o been tJiose in 
which the youngest soldiers have been 22 years of age. 

With regard to the second, it is also certain that at 18 the muscles and 
bones are very immature, and, in fact, it is not till 25 years of age, or oven 
later, that epi^ffiyses of the bones have united, and that the muscles have 
attained their full grow’i;h.§ 

Tlie epiphyses of the transverse and spinous processes of the vertebra? 
hardly commence to ossify before 16 years of age, and it is not till after 20 

* The averajje weight and height of the recruits, and the classes from which they are drawn, 
are carefully given by Dr Balfour, and Eir A. D, Ifome, in the Army Medical Department 
Keporta. 

t Morache, Traits d’Hygihne Militaire, 1874. 

X Sistach, Recueil de Mem. Mil. 1861, Nov. p. 353. 

§ Aitken’s Growth of the Recruit and Young Soldier, 1862. 
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years that the two thin circular plates form on th(} body of the vertebne. The 
whole process is not completed till close on the 30th year. The consolidation 
of tlie sacrum only commences at the 18th year, and is- completed from the 
25th to the 30th year. The fourth and third bones of the sternum arc only 
united between the 20th and 25th years, and the second is not united to the 
third bone before the 35th year. The ejiiphyses of the ribs commence to 
grow between the 16th and the 20th years, and are completed by the 25th 
yejiT. The epiphyses of the scapula join between the ages of 22 and 25. Tlie 
epipliysis of tlie clavicde begins to form between tlie ISth ami 20th years. Tlie 
internal condyle of the humerus unites at 18, but the upper epi^^hysis docs 
not join till the 20th year. The epiphyses of the radius and ulna, the femur, 
the tibia, and fibida, arcj all unjoined at 18 years, and are not completcdy 
joined till 25 years. The ejiiphyses of the pelvic bones (vk., cnjst of ilium, 
sjjine, and tuberosity of tlie ischium) begin to form at puberty, and are com- 
pleted by th(j 25th year.* 

That the inus<;l(js are equally immature is just as certain ; tlicy grow in 
size and stremgth in proportion to the bones. 

These facts sliow how wrong it is to expect any great and long-continued 
exeredso of force from men so young as 18 and 20, and 'what will be tlie 
inevitable conseepKinces of taxing them beyond thedr strength. 

Are we, then, to conclude that the soldier should not be enlisted before 20 ? 

It aj)[)ears to me that th(‘. case stands thus. If the State will recognise the 
immaturity of the recruit of 18 years of age, and "will ju'oportioii his training 
and his work to his growth, and will abstain from (‘onsidming him fit for the 
heavy duties of pc^iico ami for the emergencies of war till he is at least 20 
years of age, then it wouLl somi that there is not only no loss, hut a great 
^aiii, by enlisting men early. At that most critical i)(?riod of lif(j the recjruits 
can he brought under judicious training, can liave precisely the amount of 
exercise and the kind of diet best fitted for Ihem, and thus in two yeajvs he 
more fully dovelo 2 )ed, and be made more (dlhdent, than if tln.'y had been loft 
in civil liiPe. 

2. Tlui ILtlglif and Wei(jJit of the Recruit . — ^Tho desire of almost all military 
officcu-s is to ^et tall men. The most favoured regiments, espcHu’ally the cavalry, 
get the tallcist men. It lias l)(.‘en rccominendeil both that shorter men should 
be genemlly taken, and that the infantry should have the tallest men. Tin', 
last jioiiit is one for military men to determine, and must b(? decided by con- 
siderations of the respective modes of action of cavalry and infantry. 

Tlie first jioint is entirely ])hysiological, and opens a diilicult (piestioii. 

A\^at is the height, at 18 years of age, which is attended witli the greatest 
amount of health, strength, and endurance, or is it possilde to fix such a 
standard ] 

Tables of average height and weight have been comjiiled by (jluetelet, and 
much used, and lately somewhat similar tables have been framed by Dansoii, 
Iloyd, and Liharzik.f > 

With regard to all of tliesi) it may bo said that the observations (however 
numerous) are yet too few for such a lai’ge question, and that the iniluence of 
race has been too little regarded. 

lloyd gives the height at 18 years at 60*4 indies, and at 25 years at 67 
inches, and Liharzik at the same ages gives 64*17 and 68*9 inches. The 
English Anny Keturns (1860-67) give the heights of the recruits, but it 


* See Aitken's Growth of the Recruit, p. 37, and Quoin’s Anatomy, for still fuller deUils. 
t Liharzik’s number professes to be based on a law induced from great utuulors of measure- 
ments in (Ulfcrent animals. 
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must be understood that we cannot deduce the mean height of the population 
from these figures, as the shorter men are not taken as recniits. 

Although the numbers ai-c not very accordant, we may perhaps assume that 
at 18 the average height will be something near 64 or 65 inches, and the 
average weight 124 H). 

Eut the difficulty of the case only commences here ; taking the age at 18 
(for over 20 the case is simple), what is the range above and below tlio average 
which is consistent Avith perfect health and growth 1 How far is it safe to 
ai)ply an average to an individual ? ‘Will not an excess of weight and height 
imply that an individual comes of a larger race, or has been better fed and 
nourished, and is so far a stronger man than he who only just reaches the 
average 

The range, in fact, appears to be very great, as much as six inches above 
and below the mean (Hanson) ; i.e,^ a boy at 18 may be 58 or 71 inches tall. 
But are these extremes consistent with perfect health, such as we demand in 
a recruit ? It seems very doubtful if they are. 

It may be w^ell to put the same question in rather a different way. In the 
English army tlwi minimum height has been always (except in times of great 
<‘m('rgoncy) al)ove the mean height of the population at that age. Has the 
State, then, secured a larger-f mined and more powerful set of men by only 
taking those w'ho arc above the mean height, or has it unnecessarily limited 
its choice ? 

The exj^irienco of other annies cannot answer this question. The Ejencli 
height of infantry, which was (before 1868) 61i English inches, or 2i below 
the juean. is now 6()J, or below the mean. The Austrian hoiglit for 
infantry is 61 incluvs ; in the (lerinan army the least height (in English 
iiic.h(?s) of the n'criiits for the cuirassiers is 65*7 inches, and tlu* grc'atest 68^ 
inches; foi* the light cavalry (hussars and dragoons), the least hciiglit is 63*^ 
the gmah^st 67*7 inches. In the Jiiger battalions the height is 61*8 inches 
(English), and not more than 68*9 inches. In tlu^ infantry (not Jag(.‘r) the 
least heiglit is 61*8 indies. f In the Northern American army the height of 
the infantry was, in 1863, fixed at 63 inches (Hammond), but men were 
really taken as low as 60 inches. { 

It is therefore clear that the great military nations go 2 indies or even 
more below the mean height of the pojiulation at the recruiting ago, and liiul 
no injury to the ([iiality of their soldiers, and it would certainly apjiear 
nnnc*c('ssary that the English should lix tlieir standard (tishas been sometimes 
done) at 1 inch above tlie mean height for infantry, and 2 or 4 mdies for 
cavalry. But this floes not settle the (piestion, as it may still lie argued that 
the taller mm) aui most d(‘siral)le when they can )>e jirocuved, although shorter 
men may .answer very w(*Il wluai others cannot be obtained. 1 really know 
of no good e\ddenco whidi can settle this question. 

♦ Af. Beriiiird (Rec. de Aliini. de Med. Aid. Alai 1S()8, p. 371) gives the mean age. of* '100 men 
of tlie foot Chcosseiirs of the Guard as 30.^; yeans ; the mean oircumfiTenee of tlie (sliest 34 *6 
inches ; the mean height 04*8 inches ; and” the mean weight 142 *4 It) avoir. There were only 9 
men between 18 and 21 years of age ; tlie mean girth was 33 inches, the height 66 inches, and 
the weight 138 lb avoir. So that those 9 men were actually taller than the iiicaii. This shows 
how small numbers might mi.slead. 

t Below this, none are taken, except for service without anns. Law of 8th Sept. 1875, sec 
Roth, and Lex. op. cit. Bd. iii. p. 161. 

X The miniinum height of the Roman soldier in the time of Vegetius was 64 '8 inchc.s ; this 
was nearly 3 inches below the minimum height in the time of Marius. As armies iucreased 
in pro]>oi‘t.ion to the population the minimum necessarily diminished ; in 1601 the minimum 
for French Infantry was Iw. 705 (67 '2 inche.s) in time of peace, and \m. 678 (66 inches) in time 
of WOT. By 1813 it had fallen to Im. 52 (,59*9 inches) : in 1818 it was Im. 57 (61*8 inches), 
since which time it has fluctuated between l»i. 56 (63 inches) and Im. 54 (60^ inches) at which 
it at present stands, see Alorache, op. cit. p. 87. 
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Tho best rule to guida us is that given by Dr Aitken, viz., to take into 
consideration the three points of age, height, and weight, and if either in 
weight or height, or both together, there is any great divergence from the mean, 
then something wrong will probaldy be found. But as long as weight and 
height are in accord, the taller and heavier the man the better, as a rule. 

()ne point is, however, quite clear. When the height is much below tlie 
mean, tho bodily development gencrciUy is bad. Hammond states that, in 
tho American war, men of less than 5 feet have broken down by a few weeks* 
campaigning, while num of 5 feet have stood tho work well Probably 62 
inches at 18 years of age, and 112ibtollGD) weight, should be a minimum, 
even in times of the greatest jnessure. So also a very great height at 18 
yeai’s of age is objectionable, and anything over 67 inches at that age should 
be looked on wnth great sus])icion. As a rule, also, adult men of middle size 
(67 to 69 inches) appear to bear bard work better than taller men.* 

Witli regard to weight alone, the rule is simple. Unless there be any great 
disproj)orti(jn in lunght, the heavier tho recruit is the better; this wdll be 
found a rule with very few exceptions. 

3. The PInjsical Traimufi of the Recruit — A great improvement has been 
introdiKMMl ])y tho late order that each recruit shall have three months’ 
gymnastic training. If properly done, this will have a most beneficial effect. 
The medical officer will have power to continue this if necessary, and care 
should 130 taken to use this power (see chapter on Gymnastic Training for 
tlie points to he attended to by the medical olficer). 

4. The Mental Training , — Since the introduction of riHe practice, the 
tmdci of th(3 soldier has become much more interesting to him ; he is now 
taught scientifically how to manage his arm, and learns to tak<3 interest in his 
shooting. It wouhl be most desirable to give him some knowledge of the 
iftilitary Art, and of the object of the manoeuvres ho goes through. A 
military literature fitted for the j)rivate soldier is still wanting. It is also very 
im]3ortant to train him for the fi(dd, and to teach him to perform for liimself 
all the oflieiis which in time of \var he will have to do — not merely trench 
Avork, but hutting, cooking, Avashing and mending his clothes, as in time of 
Avar (see War). It is too late, at the commencement of a campaign, to begin 
these niicessary parts of a soldier’s education ; they should form 23art of his 
training as a recruit ; and if he is excused guard and other duties during his 
first year, there Avoiild be ample time. 

Great attention is noAv being directed to the importance of soldiers keeping 
up their b’adi'.s, or learning some trade if they have none. Such a system 
occiq^ios imm, makes them contented, keeps them from dissipation, and 
o]>enB a career for them Avlien they leave the army. Instead of interfering 
Avith th(5ii* military training, it can be made to subserve it, and possibly might 
be found to be advantageous to the State, even in a pecuniary point of view. 
The recruit then would have to keep up or learn his trade. 

5. T/ie Moral Tvainmg . — The recruit, on enl^jring the army, is hmught 
under moral intluencos of a strong kind. A discipline alAA^ays rigorous, and 
sometimes severe, produces often a ready obedience and a submission of 
character, and, when not carried too far, greatly improves him. At the same 
time, iiidepeii<l(jiice is preserved by the knowledge which the soldier has of 
his rights and })rivileges, and tho result is a manly, conscientious, and fine 
character. But occasionally, a too sensitive nature on tho part of the recruit, 


* For some useful informntion on these points, see Morache, q;). cM,y Roth, and Lex. op.cii. 
and Auguste Jansen, ^Etudes sur la taillo, le perim^tre de la ^itrinc et le j[»aids des rccrties. 
Extrait des Archives Medicalos Beiges, 1877. 
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or a discipline too harali or capricious on tlio part of his officers, produces very 
different results, and the soldier becomes cunning, ai’tful, and false, or morose 
and malicious. The two characters are often seen well marked in old soldiers, 
anil no contnivst can be greater than between the two, A heavy resj)onsibility 
rests, then, with tlie officer of the army who have power thus to intiuoiiiic, 
for good or evil, natures like their own. 

The influence of companionship is also brought to bear on the recruit, and 
is frjiught with both good and evil. The latter probably pTOdomiuates, though 
thiyre are many excellent, liigh-minded, and religious men in the army. 
Indeed, in some rt>ginients the proportion of steady religions men is jjerhaps 
beyond the number in the analogous class in civil life. But if the inlluences 
be for bad, the recruit soon Iciirns some questionable liabits and some vices. 

Thus he almost invariably learns to smoke, if he has not acquired this habit 
before. It is indeed remarkable what a habit smoking tobacco is in every 
army of Europe ; it semns to have become a necessity witli tlie niim, and 
arises j)robably from the amount of spare time the soldier has, and which ho 
does not know what to do with. A recruit, on joining, finds all his comrades 
smoking, and is driven into the habit. 

The discussion on the effects of tobacco does not seem to have led to any 
clear conclusions. The immoderate use brings many evils to digestion and 
circulatioji especially. But no great evils appear to result from the moderate 
use, though no good can he traced to it. In moderation it lias not been proved 
to lessen appetite, to encourage drinking, or to destroy procreative power. 
But, on the other hand, it probably lessens bodily, and jierhaps even mental 
activity. It is certainly remarkable how uniformly the host tminers pioliihits 
its use, and men of the highest physical vigour arc seldom, I holicive, great, 
and often are not even moderate smokers. As it is of no use, and indeed 
injnrions, by bringing men under the thraldom of a habit, it seems verj^' 
desirable to discourage it. But in the army it seems useless to fight against 
this custom, nor is it indeed one which is sufficiently injurious to he seriously 
(jombated, except for one reason. In time of war, the soldier often cannot 
obtain tobacco, and he then suffers seriously from the deprivation. The 
soldier should have no habits which he may bo compelled to lay aside, and 
which it would jiain him to omit, 

A much more serious matter is the vice of diinking, which many recruits 
are almost forced into, in sjiite of themselves. The disci jdiiie of the army 
rijpresses much open drunkenness, though tliere is enough of this, hut it 
cannot prevent, it even aids, covert drinking up to the very edge of the law. 
Eormerly, a most lamentable canteen custom made almost every man a 
drunkard, and a young boy just enlisted soon learned to take his morning 
dram, a habit which, in civil life, would mark only the matured drunkard. 
!Xow, happily, spirits are not sold in the canteens, and no regulation thrusts 
raw spirits down a man^s throat. Drinking is, however, still the worst vice 
in the army, and that which strikes most of all at the efficiency of the soldier. 
Great efforts have been, however, made by the military authorities to check 
this vice, and I believe there is little doubt that the army is gradually becom- 
ing mere temperate.- - 

Another vice is almost as certainly contracted as smoking by the rcfcniit. ‘ 
Probably, before enlistment, he has led no very pure life, but when he enterfe 
the army, he is almost sure to find his moral tone higher ihkn that of- some 
of his new associates. A regiment, in fact, is composed of ypung men with 
few scruples and small restraints. Prevented from marriage, and if of long 
service, not able, indeed, to look forward to it ; often tempted by low prosti- 
tutes, it is no wonder if, to the extent of his means, the soldier indulges in 
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proiniscnoiis sexual intercourse. He does this, in fact, to excess, and the 
young recruit is led at once into similar habits. That many recruits are most 
seriously injured by this habit, even if they neither contract syphilis nor 
gonorrhcea, is certain. The remedies have already been discussed. 

It has also been supposed that solitary vice is particularly rife in armies. 
I am unaware of any evidence on this point. 

6. Tfui Amount of SirJmess and Mortality suffered hy the Recruit during 
the Firnit Six Months and Year of Sermce.-^lihi^ is an extremely important 
matter, but at present we are not able to answer the question for thp English 
army. 

In the French army,* the amount of sickness among soldiers under ono 
year of service is more tlian one-third greater than among th(i army generally ; 
this is partly caused by slight injuries, though not solely, for the admissions 
to hospital are nearly one-fourth more among them than in the army at 
large. 


. ■* Statistiqne Medicalc dfe TAmi^e pendant TAnnee 18t>2. Paris, 186^, p. 11. Ibid, pendant 
Ics Aim6es 1803, 4, 5, and 6. 
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THE CONDITIONS UNDEE WHICH THE SOLDIER 
IS PLACED. 

These conditions are extreincly various, as the soldier serves in so many 
stations, hut the ehi(>f points coimnoii to all can he pass^ in review. 

The water and air siijijdies have been already sufficiently noticjed (p. 2 and 
pp. 140 and 165), and the conditions now to he noticed under which the 
soldier is platn^d arc barracks, huts, tents, and encampments; the food, 
clothing, and work. 


SECTION 1. 

B A R U A C K S. 

BaiTacks have been in our ai-my, and in many armies of Europe still are, a 
fertile source of illness and loss of service. At all times the gi’oatest ctire is 
necessiuy to (jouiitoract tlio injurious effects of compressing a number of 
peivsons into a restricted space. In the case of soldiers, the compression h.‘is 
Ijceii extreme ; hut the? couuhiracting care has been wanting. It is not more 
than forty years since, in the West Indies, the men slept in hammocks^- 
touching each oth(?r, only 23 inches of lateral space being allowed for each 
irian. At the same time, in England, the men slept in beds with two tiers, 
like the ]>ei'ths in a ship; and not luifrequently, each hod held four men. 
When it is added, that neither in the West Indies, nor in the home service, 
was siKih a thing as an opening for ventilation ever thought of, the state of 
the air can he. imagined. 

The means of nuiioval of excreta were, even in our own days, of the rudest 
d(iscrii)tion, both at hoiue and in many colonies ; and from this cause alono 
tliere is uo doubt that the great military nations have suffered a loss of men 
which, if expr(3ssed in money, would have been sufficient to rebuild and 
purify every bari'ack they posse.ss.* 


* It ist a most remarkable eircuinstance, that the two diseases which, in the French, Prussian, 
Hanoverian and Uelgian armies, and proi>ably in the Austrian, and, till lately, in onr own 
army, caused the largest share of the moitality, were a destructive lung disease, termed phthisis 
in the retiums, and typhoid fever. 

The production of disorganising lung disease (though occijiTing in several other ways) is 
intimately ccjunccted with the constant breathing of an atmosphere vitiated by respiration ; and 
t^-phoid fever is as closely related with ha<i drainage. Both diseases are therefore diseases of 
hai)itatit>ns, and show, in the case of the soldier (who is not subjected to other-causes of phthisis 
such os inaction, constrained position, aiwl inhalation of dust, &c.), that the air of his dwelling 
is foul. In hot climates the same rule holds good. Is it not a remavkahlc fact, that in the 
West Indies, those islands of paradise, where no cold inclement wind ever vexes the tender 
lungs, lliere was, twenty or thirty years ago, an extraordinary mortality from consumption, and 
from a continued fever, which in all probability was typhoid ? Yet who can wonder, when we 
find, in the Windward and Leeward command, the very l^st barrack, in 1827, gave only this 
amount of accommod/ition : the men slept in hammocks toneluDg each other ; the average space 
allowed to each man measured only 23 inches in breadth ; and the total cubic space per head, 
in this, the best barrack in a tropical climate, was only 250 cubic feet. The air was, of course, 
putrid in the highest degree. 

Bo also in India, the best writer on the means of preserving the health of troops in India 
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Sub-Section t — B aeeacks on Home Seevice.* 

Tlio imperfection of the English barracks was owing to hyo causes — first, 
a great disregard or ignorance of the laws of health ; and, secondly, an indis- 
p.osition on the i)art of Parliament to vote sums of money for a standing 
army. At the close of the last, and at the commencement of the j)resent 
century, the Whig party especially opposed every grant which Mr Pitt 
brought forward for this purjiose.t After the great war, the exhaustion of 
the nation prevented anything being done, and in sj)itc of the representations 
of many military men, com])aratively little change occurred till the Crimean 
War. In 1865, a committee, { of which Lord Monck was cliairman, was 
appointed by the War Oliice to consider this subje(it, and presented a most 
excellent lieport on Barracks, the suggestions of which have been since 
gradually carried out. Immediately after this, a BaiTack Imj)rovement Coni- 
mission§ was organised, and in 1861 this Commission ])ublishcd a Blue 
Book, which not only contained plans and descrij)tions of the existing 
baiTacks and hosiutals, but laid down rules for their construction, ventilation, 
and sewerage, for future guidance. It is difficult to spc.'ak too strongly of tlie 
excellence of this Report, and if its rides are attended to, tliere cnii be no 
doubt the British army will, as far as habitations are concerned, be lodged in 
healthier dwellings than almost any class of the community. || I must refe*r 
to this report for a fuller account of the older barracks and hospitals than can 
be gheu here. IT 


(Dr Clievers), does not hesitate to assert that faulty barracks are, though not the only, yet a 
great cause of a mortality, which, in a term of years, has been at least foiirlbld more than at 
home. Phthisis and typhohl fever hold a subordinate place (though it is not unlikely tljat 
tlj^ir frequency is underrated) ; but other diseases api)ear, wliich are in part connected with 
faulty baiTack arrangements, such as dysentery and cholera. 

In India, as in England, no expense has of late years been spared ; but yet the fact remains, 
that the very habitations erected for their shelter and comfort have proved to the soldiei’s a 
source of suffering and death. 

* Array medical ofticei’s are referred to an admirable paper by .Deputy-Inspector-Ciem?ral 
Dr Massy, on the Construction and Ventilation of Bairacks and Hospitals (Aiiiiy Med, Dep. 
Report, vol. vi. p, 229). 

T On looking through the Annual Register, I find that Fox, as well as his followers, spedeo 
strongly against the grant of sums of money for improving baiTacks. Their motives were good 
and their jealousy of a standing army justified by what had gone before, but the result has 
been most unfortunate for the soldier. 

X Report of the Official Committee on Barrack Accomniodation for the Army, Blue Book 
1855. 

§ Mr Sydney Herbert, Drs Sutherland and Burrell, and Captain Oalton, were the first 
Barrack and Hospital Improvement Commissioners. lA)rtl Herbert did not sign tl)e first 
Repoi t, as he became Minister of War. Dr Burrell retired. The remaining Commissioners 
(Dr Sutherland and Captain Ualton) subsequently published the Report on the Mediterranean 
and other Barraeks. 

11 General Report of the Commission appointed for improving the sanitary condition of Bar- 
racks and Hospitals, 1861. 

If T/ie Hospital Hegylations. — The Director-General is to be consulted on the plans and site 
of any new barrjwjk. 

The Surgeon-General or Deputy Surgeon-General is ordero<l to see that all regulations for ^ 
protecting health in barracks are carried out. He makes a monthly insiK'ctioii, examining ™ 
into ventilation, warming, lighting, latrines, closets, and all other points. 

The regimental medical officer performs the same duties. He is also especially ordered to 
see that every soldier has a separate bed ; that the beds are not placed at a less distance tlian 
6 inches from the wall ; that the beds are aired every morning for at least an hour ; tluit tlic 
windows are opened in the moniing as soon as possible, and kept open as far as weather and 
season will permit. The walls and ceilings are ordered to l)e limewashed tivice a-ycar. 

Each man is allowed 600 cubic feet of space, and the numl>er of men locate* I in each barrack 
room ‘ is to lie painted on the door. This is a most important rule, which should be strictly 
enforced ; if it is not so, it is to be stated in the Annual Report. No regulation is made as to 
superficial space, and it wffi vary with the height of the bariack room ; from 56 to 60 square 
feet is the avei’age. 
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Infantry Barraclis. 

BlocTc Plan , — Formerly a number of men, even a whole regiment, were 
aggregated in one large house, and this was often built in the form of a scjuarc 
(a plan originated by Vauban), the quarters for the officers forming one side, 
on account of the ease of surveillance. Many officers still prefer this form. 
But it is always objectionable to have an inclosed mass of air, and if it is 
adopted the angles should be left opcm, as recommended by Robert Jackson. 
The Barrack Improvement Commissioners have very justly recommended that 
there shall be division of the men among numerous detached buildings ; and 
instead of the sijuare, that the separate buildings shall be arranged in lines, 
each building being so placed as to impede as little as possible the movement 
of air on the other buildings, and the incidence of the sun^s rays. 

In arranging the lines, the axis of the buildings should be if possible 
nortli and south, so as to allow the sun's rays to fall on both sides. Cue 
building should in no case obstruct air and light from another, and each 
building must be at a sufficient distance from the adjoining house, and this 
distance should not bo less tlian its own height, and if possible more. 

Parts of a Barrack. — 1. The barrack room, with non-commissioned officxn's’ 
rooms screened off. 2. Quarters of the married privates — seven to each 
company. 3. Quarters of the staff-sergeants and sergeants' m(?ss. 4. 
Quartern of the officers. 5. Kitchens. 6. Ablution rooms. 7. Latrines and 
urinals. 8. Orderly-room; guard-room. 9. Cells. 10. Tailors' sho]) and 
armoury; commissariat stores; canteen. 11. Reading-room (in many 
barracks) ; schools ; magazine. 

It is unnecessary to describe all these buildings. 

The old barracks are of all conceivable forms and kinds of construction 
for details of which I refer to the Commissioners' R(q)ort. 

Wlien now bairacks are built, the plans of the Commission will be 
followed. 

(a) Banrick Room-s . — The size and shape of the barrack room will decide 
the kind of buildings. The Barrack Committee of ISo*'! recommended that 
each room should accommodate twelve men, or one squad, as this is most 
comfortable for the men ; but small rooms of this size are more difficult to 
arrange, and it is now considered best to put twenty-four, or one section, in 
eacli room. 

The Barrack Impinvcmcnt Commissioners' recommendations may be con- 
densed as follows : — 

The rooms are directed to be narrow, with only two rows of beds, and 
with op])Osite wiiidows — one window to every two beds. As each man is 
allowed 600 cubic feet of space, and as it is strongly recommended that no 
room shall be lower than 12 feet, the size of a room for 24 men will be — 
length 60 feet, breadth 20 feet, height 12 feet. This size of room will give 
14,400 cubic fecst, or (600 x 24) enough for 24 men ; but as the men's bodies 
and furniture take up space, an additional 2 feet lias been allowed to the 
lengtli in some of the new barracks. Assuming the length to be 62 feet, the 
superficial arc^a for each man will be mjarly 52 feet, a little more tlmn 5 feet 
in the length and 10 in the width of the room. At one end of the room is 
the door, and a room for the sergeant of the section, which is about 14 feet 

The Queen's Ro^ilnlions for the Army order the officer of the day to see to the ventilation 
and cleanliness of liarracks. 

Barracks are ordered to he washed once a-week, and no more water is to be used than 
necessary. On intermediate days the rooms are dry-scrubbed. 
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long, 10 wide, and 12 liigk At the other end is a narrow passage leading to 
an ablution room, one basin being provided for 4 men, and a urinal. 


8uch is the present arrangement of a single 
barrack room, and it is difficult to conceive a 
bett(jr plan, unless it might be suggested that an 
open verandah, never to be mad(i into a corridor, 
should be placed on the south or west side. It 
would bn a lounging-place for the men. So also 
a cleaning-room for arms and accoutrements would 
be a veiy useful addition. 

The room thus formed may constitute a single 
hut, but if si)ace is a consideration, two such 
rooms are diriicted to be placed in a line, the 
lavatories being at the free ends. A house of 
this kind will accommodate half a company. The 
several houses are separated by an interval of not 
less tlian 25 feet. Por the sake of economy, 
however, the houses will in future be frequently 
made two-story(id, so that one house will contain 
a company in four rooms, and ten will suffiee for 
a regiment. 

The tlu-ee following plans of recently erected 
barracks show the arrangements which are 
adoptiMl. U'f, "When there is a single story, as 
at Colchester, and no staircase is required. 

2d, Wlien tliere are two storys, and a staircase 
must he introduced, as in the new cavalry barracks 
af York. 

M, When there arc not only staircases, but the 
barnicks must be extended in one long line, in- 
cluding many rooms, and whem, therefore, the 
ablution rooms cannot be put at the ends of the 
rooms, but must be 2 )lace(l on the landings, as at 
Chelsea. 

If 10 houses are thus formed, and arranged so 
as to insure for each the great(3st amount of light 
and air, the following area will be occupied by 
thes(5 houses alon(3. EacJi house (with walls) 
would measure about 140 feet long and 22 broad, 
and the space between the houses may he taken 
at 64 feet, or twice the height of the house. The 
external houses would, of course, have cletir spaces 
on both sides like the others. I he area of occu- 
pied and iinoccmpied si)aco would bo very nearly ^ 
12 square yards to a man. 

But this amount of compression, which would 
be injurious in a largo (;ity, will do no harm in 
these well-planned and ventilated barracks. 

(5) Day-roortis , — The soldier lives and sleeps 
in his barrack room ; it has long been a deside- 
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ratum to introduce day-rooms,* hut at present the 104.— Coicheater Camp 

expense is too heavy. Still it is very important Houses. 


* See Report of Committee (1855), p. iv. The objections to day-rooms are-rl«f, More labour 
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that the men should take their meals elsewhere than in their barrack room, 
and in some barracks a room is provided close to the kitchen. The addition 



to keep clean ; 2d, Chance of men being debarred from their barrack room during day ; 3(?, 
Chance of day-room being appropriated on emergencies. The Committee, therefore, recom- 
meud only dining-rooms for tne men, to be arranged near the kitchen, if possible. 
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of a few verandahs to the rooms would be less expensive ; and if reading- 
rooms were provided, some of the purposes of day-rooms would be obtained. 

(c) Non-Commissioned Officer^ Rooms. — The Serjeant-major and Quarter- 
master-seijeant are entitled to two rooms and a kitchen; the Paymaster- 
sergeant, Hospital-sergeant, Schoolmaster-serjeant, and some others, arc 
entitled to two rooms. The company seqeants have one room each. The 
rooms are about 14 feet by 12, and 10 high, and contain about 1680 cubic 
feet when empty. The amount of space is small, and as many of tliese non- 
commissioned officers are married, and as it is a matter of justice no less tlian 
of policy to make them as comfortable as possible, it is to be hoped that two 
roojna may be allowed to every married man, and three in the case of all the 
senior non-(Jominiasioned officers. The non-commissioned officers should be 
looked on in the light of the overlookers of a factory ; they are “Oven monj 
essential to the good working of the aimy than the overlookers ai’e in a mill ; 
but no married overlookers would ever conceive the possibility of living in 
two rooms, in one of which cooking must be done. 

{d) Married Soldiers' Quarters. — Seven privates in a company of 100 men 
are allowed to be married. Formerly they were placed in the men’s barraciks, 
a space being screened off*, but now they are entitleil to separate quarters, 
each family receiving one room 14 feet by 12, or 168 superficial and 1680 
cubic space. 

There is no doubt that this allowance of sj)ace will be increased in 
accorilaiKjo with the general feeling of the time, which is strongly against the 
mixing up adults and children of all ages in the same room. The amount of 
space also is really much too small. Certainly two such rooms ought to be 
given to eiicli iiiarried private. 

Warming of Barrack Rooms. — The rooms are warmed by Galton grates in 
two ways— radiant heat from an open flrt^, and wann air, which is obtained 
from an air-chamber boliind, ami heated by the fire. Tlie external air is led 
by a pipe to this chamber, and then ascending, enters the room by a louvre. 
The grates arc of various sizes, according to tlie size of the room. Smallest 
— 1 foot 3 inches of fire opening for rooms of 3600 cubic feet. Middle — 1 
foot 5 inches for rooms of 3600 and 9800 cubic feet. Largest — 1 foot 9 
inches up to 12,000 cubic feet. Large rooms have two gi'ates. Onti grate is 
usually provided for twelve men. 

The radiating power of the small barrack grate is aided by a well-arranged 
angle, and by a fire-clay back ; as the fire is small, however, the radiating 
2 ) 0 wer is not great. 

In the wards of Fort Pitt, with the largest size of grates, the mean rapidity 
of movement of warm air through the iq^per shts of the louvre, with a good 
fire, was found to be about 2^ feet per second, and the total cu])ic amount of 
warm air entering per hour through the whole louvre was (apj^roximakdy) 
4600 cubic feet per hour, -with a mean temperature of 19” in excess of tlie 
external air-temperature. No unusual dryness of' the air is i)roduced by the 
admission of this quantity of warm air, the relative humidity of the air being 
about 70. 

The movement of air through the hot-air louvres is not regular; ojien doors 
and windows, which increase the jiressure of the air of the room on the louvre, 
will sometimes delay tlio movement, and, if the air-chamber is not very hot, 
will even reverse it and drive the air down, as the rapidity of movement in 
those hot-air chambers is never very great ; but in cold weather, when the 
doors and windows are shut, the action is tolerably regular. 

Ventilatifm of Barrack Rooms. — (See page 165). 

Ablution Rooms, — Formerly the means for washing were of a vciy rud^ 
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kind, but now in tho now barracks regular basins with clean water and 
discharge dirty water-pipes are provided close to every room, in the proportion 
of one bcosin to four men. Tho basins are of slate or iron. In several cases 
basins on the floor have becm provided for fcet-washing, and in some instances 
there are also baths for each regiment. The llarrack Improvement Com- 
missioners reeomiiiond one bath to every 100 men. It is understood to be 
the desire of tho Government to provide jilunge-baths wherever practicable, 
and this would not only aid cleanliness, but might bo made tho moans of 
teaching tlio men swimming, as suggested by Mr M‘I.ar(in. 

If water is scarex*, the most economical kind of bath is a shower-bath, so 
aminged as to permit 80 to 100 men to have a bath at once. 

Inspections for (doanliiiess fire made in many regiments. They should be 
systcmatjcally carried on under the direction of good non-commissioned officers j 
but, if means arc provuhid, soldiers will generally be cleaidy. 

Kiidirm . — Great improvements have been made in cooking by the employ- 
ment of better ovens and boilers, and especially by making use of steam, as in 
Warren’s cooking stoves. Tho cost of fuel per head has been greatly reduced. 

'Hie opiuiou of the medical officer will seldom be asked on the (question of 
construction, at any rate on home service. He may, however, be referred to 
on the question of comsiimption of fuel, and then he can take as the standard 
for an ordinary good apparatus | lb of fuel per man per diem. 

More often, however, Ire will have to examine the cooking, to wliieli 
rohu’ence is made under tlic dilh.Tont sections in tlio chapter 0)i Food. Tho 
(;lii(,*f points to which attention should be paid, are the temperaturo, 
the ra])idity of its application, and tho ventilation of roa, sting ovens. Faulty 
cooking will generally be found to he owing to one or other of these conditions. 

Formerly the regimental cooking establislim(3nt was badly arranged ; men 
cooked by turns, and for short periods only. JNow, cooks are regularly traiiShd 
at A Idol’s] lot. 

The other j)arts of a barrack are — officera' quarters ; Itiundry (in some cases) ; 
workshoj^s for tailor, shoemaker, and armourer ; orderly-room ; guard-i’oom ; 
cells ; reading-room (in some cases) ; chapel and school, which are often in 
one ; magaziiu? ; liarrack-inasters’ and quarter-miisters’ stores for regimental 
puiposes, bread, and meat. 

Guard-room. — ^The guard-room for a regiment of 1000 strong has a size of 
al)out 24 feet by 18 ; two rooms o])on into it — one a lock-up for prisoners, tho 
otluu’ a room wh(;re prisoners are [»laced who are not put in the lock-np. In 
many barracks, however, tho lock-up is placed near the cells, Tlie guard- 
room is v(3Titilated lik(3 the other rooms, with Sheringhain valves, sliafts, 
M‘Kiniieirs V(;ntilator is well adapted for it. It should be litted with a dry- 
ing closet by the side of the fire, to dry the men's clothes when they come in 
wet off sentry. 

Celhi — The cells are ranged on one or both Sides of a corridor. Tliey are 10 
long, 6 J fetjt wide, and 9 high ( = 605 cubic feet), with one window, 2 feet 
6 inches Avide l>y 1 foot 3 inches high, placed at tho top of the wall, and 
guarded by iron bars. A movable iron shutter is sometimes added for 
security, and to make the cell a dark one if needed. Fresh air is admitted 
through a grating opening from tho corridor, which is warmed. The air 
enters below, or in some cases above ; hut the former arrangement is the best 
A foul-air shaft runs from the top of the room. Two cells are provided for 
every 100 men. A medical officer inspects the cells every day. 

Latrines and Urinals. — Formerly, urine tubs were hi’ought into barrack 
rooms every night ; and indeed this is still done in some harnicks. The tubs 
{»j*e charred inside, and emptied every morning, and filled with water during 
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the day. In all now barracks urinals are introduced ; they are placed at the 
end of the passage beyond the ablution room. It is found by the men that 
this is inconvenient ; the passage is often wot and cold. If the urinal is full 
of water it splashes ; it might be well to put the overflow-pipe a little lower 
down. It bias been recommended to jnit a small pij)e and stoi)cock a few 
inches above the urinal, so that the men may cleanse themselves, and in this 
way possibly lessen the chances of syphilitic infection. 

Cesspits are now dLscontinued in most barracks, and water latrincis are 
used. The latrines are placed at some little distance from th<'. rooms, and ani 
usually connected with them by a covered way ; in almost all barracks tliey 
arc Jenning’s or Macfarlane's patents. Those are m(jtal or earthenware 
troughs, which are one-third full of water. Twice a-day a trai)-door is lifted, 
the latrine is flush(}d, and the soil flows into a sewer or tank at a distance. 
A hydrant is now frecpiently placed close to the latrine ; an india-rubber pii)C 
can be connected with it, and the seats and floor of the latrine are thorougldy 
waslicil in this way twi(;e daily. Probably it would be dillicult to suggest 
anything better than this, although soldiers can be taught to use water-closots 
like other people, and do not damage them. If water-closets are iisc^d, a plan 
suggested by Mr Williams, C.E., clerk of the works at (Iraveseiid, sctaiis a 
very good one. It is to havtj tlie wahii-closets at the top of a two-stt>reytHl 
building, to the central part of whicli they form a small third storey. In this 
way the following advantag(?s are se.cured : — vicinity to tlie Jium — under the 
same roof, yet with perhuit ventilation ; impossibility of effluvia passing 
down ; proximity to the cistcjni ; and a gooil fall. At present, however, it 
seems bettor to koc]i to the water latrines outside the barracks. 

Cavalnj Barracks. 

•In many cases the men^s rooms are placed over the si ables, and there has 
been much discussion as to whether this arrangement is a good one. On tlie 
one hand, the men get more room, as the horses cannot be crowd(}d, and they 
are near their horses. On the other hand, there is strong evidence that the 
effluvia from the stables pass into the men’s rooms overhead and although 
I have b(3en able to find no statistical ju-oof that this has produced sickness 
among the men, we may safely a jmori conclude that it is obj(?ctiojia]>Je. The 
evidence of mews in London is not in jioint, as they are oftem close, ill- 
ventilated courts, independent of the stables in them. Ihisides, this evidence 
is as yet rather contradi(;tory. 

The question has, however, been solved by a ‘‘ Report on the Ventilation 
of Cavalry Stables ” (1863), t by the Rarrack Improvement Commissioners, 
w'ho have shown^that the ventilation and lighting of stables can only bo satis- 
factorily cfUTied out in one-storeyed buildings, and who, therefore, recommoiid 
that the men’s rooms shall not placed over stables. 

/Stables. — The medical officer ^hs no duties connected with stabkjs, except 
to see that they are in no way injurious to the healtli of the men ; l)ut it may 
be well to give the suggestions lately made by the Rurrack Iiiijiiovojiient 
Commissioners. 

In aU the old stables, if it is not already don(5, ventilating shafts are to be 
carried up, air-bricks introduced, and more window space to be given. 

Whenever stables are to be built in future, it is recommended that the 

* See especially the evidence of Mr Wilkinson, Mncipal Veterinary Surgeon to the Army ; 
Report of Barrack Committee (1855), p. 136, question 2262 ; also the Reiiort on the Ventila- 
tion of Cavalry Stables (1863). 

+ Report of Barrack and Hospital Improvement Commission, sign ' by Sir Richard Airey. 
Captain Gallon, Dr Sutherland, Dr Logan, and Cax)tain Bcltield. 
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building should be one-storyed ; that the breadth should be 33 feet ; . the 
height of the side walls to the spring, 12 ; and of the roof, 8^ feet more. The 
breadth of each stall is to be 5^ feet, and there are only two rows of horses 
in each stabla Each horse is to have 100 superficial feet, and 1606 cubic 
feet ; the ventilation is by the roof, and is formed by a louvre 16 inches wide 
carried from end to end, and giving 4 square feet of ventilating outlet for 
each horse. A course of air-bricks is carried round at the eaves, giving 1 
square foot of inlet to e.‘ich horse ; an air-brick is introduced about 6 incjhes 
from the ground in every two stalls. There is a swing window for every 
stall, and spaces are left below the doors. In this way, and by attention to 
surface drainage and roof lighting, it is anticipated that stabhis Avill become 
perfectly healthy. Some expc'.riments we3*e made some years ago by Dr do 
Cliauniont on tlie air of some artillery stables at llilsea. In one stable, with 
32 ventilators, and with 655 cubic feet per horse, the COo was 1 *053 volumes 
per 1000 ; in another, with 1000 cubic feet per horse, and with 420 air-bricks, 
25 windows, and a ridge opening, it was -573 volumes per 1000. The last 
experiment shows great purity of the air. 

Jtt^orts on Bmracli^. 

The Regulations order the form in which reports on barracks shall be sent 
ill. The arrangements should be strictly followed ; it comprehends site, con- 
struction, external ventilation, internal ventilation, bascimonts, and administra- 
tion, It is tlien certain that no point will be overlooked ; and, if nothing can 
be made out after going thoroughly through all the headings, it may be con- 
clu<le<l that the cause of any prevailing sickness must he souglit elsewhere. 
TJie site and basement should be esjiecially looked at ; over}^ cellar should bo 
(uitored, and the drainage thorougldy investigated. Litthi can bo learned by 
merely walking through a barrack room, which is nearly sure to look clean, 
and may ]U(vsont nothing obviously Avroiig. With respect to ventilation, the 
statiiiiients of soldiers can seldom be trusted ; they are accustomed to vitiated 
air, and <lo not p(‘rceive its odour. The proper time to examiiio tlui air of a 
room is about 12 to 3 A.M., and the nunlical officer should, accordingly, visit 
liiiri'ack rooms between midnight and 3 a.m. every now and then. Tlie 
cisterns should bo legularly inspected. 

The Willis ami fioors of the rooms should bo carefully looked to. Walls are 
porous, and often become imjuegnated with organic matter. If there is any 
suspicion of this, they shovdd be scraped and then well washed with qiricklime. 
The imslical otficer should see that the lime is really caustic ; chalk and water 
docs little good. CoUcictions of dirt form under the floors sometimes, and a 
board might be taken up to see if this is the case. 

Sub-Secton IL — Earracks in ^'orts and CiTADEIvS. 

In fortified places it is, of course, often impossible to follow the examples 
of good ban’acks just given. Citadels may have little ground space ; buildings 
must be conq)ressed, guaided from shot, made with thick and bomb-proof 
walls, with few openings. Euildings are sometimes underground. Drainage 
is often ditficult, or impossible ; and if to all those causes of contamination 
of ail* we add a deficiency of water, wliich is common enough, it will not sur- 
jiris<!^ us that the sickness and mortality in forts, in even healthy localities, 
are greater than should be tlie case. Both at Malta and Gibraltar there has 
for years been too large a mortality from typhoid fever, and from the destruc- 
tive lung diseases, which appear in the returns as phthisis. The special diffi- 
culties of casemates are as follows ; dampness, which is ve?y common in all 
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casemates, so that the moisture often stands in drops on the walls ; a low 
temperature ; a want of ventilation ; and a want of light. 

How these difficulties are to bo met is one of the most difficult problems the 
military engineer has before him. How, without weakening his defences, he 
is to get light and air into the buildings, and an efficient sewerage, would test 
the ingenuity of a BruneL It is possible that the best plan would be by the 
employment of thick movable iron doors and shutters. In time of peace these 
might be open ; in time of war easily replaced. But, in addition, means of 
ventilation must be provided when such defences close the usual ope^nings ; 
tubes must be carried up, and, if necessarily winding, an enlarged area might, 
j)crhaps, compensate for this. 

It must be said, also, that it is quite certain tliat in our fortified places 
many of the arrangements are much worse than they need be, and that the 
sanitary rules deducible from home experience should be applied in every case 
when the defensive properties are not interfered with. 

Sub-Sbotion HI. — Barracks in Hot Climates. 

The older barracks in both the East and West Indies were often merely 
copies of the English barrack square. In some cases, also, the exigencies of 
defence led to a cramped and iiTegular plan, and owing to the little attention 
wliich was paid cither to tlie health or comfort of the soldier, overcrowding 
and deficient ventilation were as common in the tropics as at home. For 
several years there lias been a gradual imjirovement, and in India especially 
vast and extensive palaces have been reared in many stations, winch testify at 
any rate to the anxiety of tlie Government to house their soldiers properly.* 

It will be desirable to refer here chiefly to the Indian barracks, but the 
sape principles apply to all hot countries. 

The Indian Sanitary Commission have lately recommended that each man 
in barracks shall have 100 superficial feet, and 1500 cubic feet. The 
Government of India recommended in 1864 that there should be 90 super- 
ficial feet in the plains, and 77 in the hills, which, with a width of 24 and 22 
feet, and height of 20 and 18 feet, would give 1800 cubic feet in the plains 
and 1408 in the hills. Mr Webb,t who has paid gre^at attention to the sub- 
j(‘.ct of over-crowding in Indian barracks, and who believes tliat it is the grand 
cause of insalubrity in India, has adduced good reasons for thinking that this 
amount is not nearly sufficient. It is suggested, indeed, that 3000 cubic feet 
of space is not too much. 

I shall not refer to the old barracks, but to the later and the present 
patterns. 

In 1857 and 1858 the Bengal Government ordered standard plans to be 
prepared, and some barracks have been built in accordance 'with them. A 
description and figures will be found in the former editions of this work. In 
1863 the Governor-General of India in Council ordered a renewed inquiry 

7 

* Some of these great barracks, as at Allahabad, have not ^ven satisfaction, and have been 
found as hot or even hotter than the old barracks. But this appears to have been from not 
attending to the rule, never to let the sun’s rays fall on a main waU, but to shadow the waU 
by a verandah The double roof also has apparently not been sufficiently double, f.e., the 
openings above and below, to allow the air to circulate, have not been lai]ge enough ; ventila- 
tors have also not been put to the verandahs, so that the heated mass of air cannot as^nd. 
Nothing tends to cause greater heat tliau stagnancy of the air, as may be seen by the e^e wit 
■which water may be boiled in a close vessel by tne rays of the sun, even in England. The 
objection to the palaces which have been built in India since the mutiny, is not, I conceive, so 
much to the principle of the barrwks, but to some faults in construction, and especially to 
their localities, viz., in the plains instead of in the hills in many cases. 

i* Remarks on the Healtn of European Soldiers in India. By H. Webb. Bombay, 
p. 50. 

2m 




546 


CONDITIONS OF SERVICE* 


into the matter, and Colonel Crommelin submitted altered designs for 
barracks, which were subsequently submitted to the Bengal, Madras, an<l 
Bombay Governments, and to the Army Sanitary Committee at homo. The 
plan of these new barracks is essentially tliat proposed by the Indian Sanitary 
Commission ; while the preparation of the detailed design is left to the local 
officers, certain general j)rinciple,s are strictly laid down, and standard plans 
suitable for dillerent localities are furnished for different guidance. The 
number of men to be placed under one roof is fixed at 40 or 50 (half 
company barracks), except under exceptional circumstances ; the number of 
men in one room is to be 16 to 20, and not to exceed 24 ; the banacks are to 
be two-storeyed in the plains, and one or two storeyed in the hills, both floors 
being used for dormitories; single verandahs of 10 or 12 feet wide surround 
these rooms. There are to be only two rows of beds in the dormitories ; the 
beds are to be 9 inches from the wall, and only two beds are to be in the 
wall space between two contiguous doors (or windows) ; in tlie plains eacli 
beil is to have 7 ^ feet of running wall space, in tlie hills 7. The general 
arrangements of the building are based on the suggestions of the Boyal Indian 
Sanitary Commission. At each end of the dormitory are closets and niglit 
urinals ; and what appears to be the best plan places these at the extreme cud 
of the verandah, leaving a space between them and the dormitory. 

The lower story in the plains was intended to be used as a day-room, but 
it appears that this has not been comfortable for the men, and both floors are 
now used as dormitories. 

The married people’s quarters are to bo grouped in small one-storied 
blocks, each block holding the married people of a company or troop. Two 
rooms (16 feet 14 feet and 14 feet x 10 feet) are provided for each 
family ; verandahs, 12 and 10 feet wide, are provided. 

In all these arrangements it will bo perceived that the essential principles 
of the home barracks are preserved ; long, thin, narrow lines of buildings, 
with thorough cross ventilation, with the sleeping-rooms raised well off the 
ground, would certainly appear to be as good .an arrangement as could be 
devised, A few more remarks on some of the points liavo to be made. 

1. Size of Houses , — If there are no strong military reasons to the contrary, 
it seems certain that it is even more important in India than in England to 
spread the men over the widest available area, and not to place more than 
Mty men in a single block, and twenty-five men in a single room ; and, 
therefore, the proposed plan is most desirable. There has been an objection 
raised, that small detached houses in the holj, plains of India, not having any 
large space in shadow, get ^everywhere heated by the sun’s rays, and become 
very hot. Tlie objection is theoretical ; it is the immense blocks of masonry 
used in the construction of large buildings which are to be avoided as much 
as possible, since, when once heated, they take hours to cooL 

2. Arrangement of Houses, — Bro^side on to the prevalent wind, and dis- 
position en echelon^ as now adopted in India, is obviously the proper plan. 
The only exception will be when thei’e are marsh or gully winds to be 
avoided, and then the houses should be placed end on to the deleterious 
wind ; and no windows should open on that side. But it is seldom such a 
site would be selected or kept. 

If a barrack is built on a slope, and the ground is terraced, the Army 
Sanitary Committee have recommended that the barrack should be placed 
end on to the side of the hill, and not nearer the slope than 20 to 30 feek 
^ut terracing should be avoid^ as much as possible. 

3. Breadth of Houses , — ^As in England, it is important to have only two 
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rows of beds in each house, and to keep the houses under 30 feet in width, 
so as to pennit effective perflation. A single verandah is as good as a double 
one in keeping off the direct rays of the sun from the walls of the house, and 
two verandahs (one inner and one outer) add to the breadth to bo ventilated. 
The width of the verandahs must be 10 to 12 feet; and on the southern and 
western sides wooden jalousies may have to be placed so as to occupy 3 or 4 
* feet at the upper part of the verandah. 

Verandahs should be ventilated by openings at the highest part, so as to 
have a free movement of air through them ; this is very important. If there 
are two storys, the roof of the upper verandah should be double. 

Materials of Building , — On this point there is little choice, for the risk of 
fire renders the use of wood undesirable for walls and roofs*. And yet, apart 
fr(m this risk, loosely joined wood, or frames of bamboo, have the great ad- 
vantage of allowing air to pass through the walls. Brick or stone has there- 
fore to be used. In India, sun-dried brick (fmteha), covered with cement, or 
faced with burnt brick, is often used ; and the remains of Babylon or Nineveh 
show how imperishable a material this is if properly protected. It is said to be 
a cooler material than burnt brick (jytxcka), but it absorbs a great deal of 
moisture. 

Iron barracks were sent out from England during the mutiny, but were said 
to be hot, and were not liked ; but iron frames have been usefully employed, 
the intervals being filled up with unburnt bricks. There is, however, a very 
general feeling against unbumt brick, on account of the moisture it absorbs aiid 
retains. The concrete walls now coming into so much use in England would 
be particularly ada})ted for India ; they are cheap, and are dry. 

Construction of the Building , — The three points to be aimed at arc — avoid- 
ing the malaria and dampnciss of the ground, should tliero be any risk of this ; 
insuring coolness ; providing ventilation. 

{a) Employment of Open Arches for the Ba8ement,--^h(i extraordinary 
diminution in the risk of malaria by elevating the building only a few feet 
above the ground, and allowing a free cun’ent of air under the house, is illus- 
trated in various parts of the world : along the banks of the lower Danube, in 
the plains of Burmah and Siam, &c. But another great benefit is obtained : 
dryness and freedom from pent-up, stagnant, an<i often septic masses of air are 
insured, so that, oven when the soil is not distinctly malarious, buddings 
should bo raised. In a malarious country the height of the ground-floor above 
the ground should be 8 or 10 feet ; in non-malarious districts 3 or 4 feet aro 
sufficient, but it should always be high enough to allow cleaning. 

If high enough, these open spaces afford excellent spaces for exercise during 
the heat of sun. 

(h) Walls , — Very thick brick walls do not add to coolness (Chevers), but 
being thoroughly heated during the day, give out heat all night. The direct 
rays of the sun should not bo allowed to fall on any part of the main wall. 
This will be found one of the most important rules for insuring coolness. 
Double main walls, with a wide space between, and free openings above and 
below, so as to admit a constant movement of air between, is the coolest plan 
known. Considering the excellent ventilation which goes on in bamboo and 
wooden houses, it may be a question whether, in the warm parts of India, the 
walls might not be made as far as possible permeable ; at any rate, above the 
heads of the men. Whitening the outside walls reflects the heat, but 
is dazzling to the eyes ; almost as good reflection, and much less dazzling, is 
obtained by using a slight amount of yellow or light blue colour in the cement 
or lime-wash. 

(c) Floors . — ^Tho matqrials at present used are flagstones (in Bengal), slat^ 
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(in some barracks in tbe Punjab), greenstone (in some Madras barracks), tiles, 
.bricks placed on end and covered with concrete, pounded brick and lime 
beaten into a solid concrete and plastered with lime, broken nodulated lime- 
stone or kunkur (in places where the masses of kunkur are found, as in 
Bengal), asphalt, pitch, and sand, wood (Chovers). Of these various materials, 
the asphalt gets soft and is objectionable ; the cements and kunkur wear into 
holes, produce dust, and have been supposed to cause ophthalmia (Chevers) ; 
wood is liable to attacks of white ants, &c. 

On the whole, it would seem that good wood (if there be a space below the 
barracks) with brick supports is the best, and after this tiles. 

{d) Roofs, — Double roofs are now usually employed, and are made slanting, 
and not terraced. The terraced roofs, if made single (/.e., with battens on the 
joists covered with kunkur), conduct heat too freely ; but if made double, with 
a good current of air, there is an advantage in giving a promenade to the men, 
and also, at some seasons of the year, the roof may be most advantageously 
used m a sleeping-place. 

The sloping roofs are better adapted for ventilation. The coolest roof is 
made of thatch, covered with tiles ; it would bo cooler still if the thatch were 
outside ; but thatch is dangerous on account of fire, and harbours vermin and 
insects. If there is a good space between the two roofs (2 feet), and if there 
are sufficient openings to permit a good cuiTent of air, perhaps two tile roofs 
would be as cool as any. 

(e) Doors and Windows, — These are now always made very numerous, and 
opposite each other^ so as to ponnit perfect perflation. The official “ Sugges- 
tions ” order one window for every two beds. Five doors are recommended 
for each room of twenty-five men ; and Norman Chevers gives a good rule : A 
light placed in the centre at night should he seen on all sides. Upper as vgfll 
as lower wmdo:>vs-— a clerestory, in fact-*-^are useful ; the lower windows 
should then open *60 the ground. In most of the stations in northern India 
the windows must he glazed. 

The committee appointed to carry out the suggestions of tho Indian Sanitary 
Commission have recommended that each window should consist of two parts 
— tfio upper portion, about 2 feet in depth, being hinged on its lower edge to 
fall inwards, so as to direct the currents of air towards the ceiling of the room. 

Ventilation of Tropical and Subtropical Barracks, 

^ If barracks are not made too broad, and. are properly placed, the same prin- 
ciples of ventilation may be applied to them as to barracks at home. The 
perflation of the wind should obtained as freely as possible. The numerous 
doors and windovi^, however, render it unnecessary to provide special inlets ; 
outlets should, as atTiome, bo at tho top of the room, either along the ridge, 
or if of shafts, they should be carried up some distance ; if they are made of 
masonry, and painted black, the sun's rays will cause a good up-current The 
ai-ea of the shafts is ordered (“ Suggestions,” p. 22 ) to be 1 square inch to 
every 15 or 20 cubic foot, with louvres above and inverted louvres below. In 
the lower rooms these shafts are to he built in tho walls j in the upper rooms 
to be in the centre. 

In many parts of India, however, at particular times of the year, the air is 
both hot and stiignant ; in such stations artificial ventilation must he employed, 
and tho forcing in of air offers greater advantages than the method by aspira- 
tion. The wheel of Dosaguliers was introduced into India many years ago 
by Dr Kankine, and, under the name of “ Thermantidote,” is frequently used 
in private houses and hospitals. Wheels may be used of a larger kind, and 
l^von by horses and bullocks, or steam or water power, Tho great ad van- 
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tage is that the air can be taken through a tunnel, and cooled cither by the 
cooler earth or by evaporation (see Cooling of Air), 

An Arnott’s pump, made as large as a man can easily work, will bo found 
to be cheaper, and as good as the thermantidote. 

The common punkah is a ventilator, as it displaces masses of air \ the 
waves pass far beyond the building, and are replaced by fresh air waves 
entering in. An improved punkah, worked by horse or bullock, and supplied 
with water for evaporation, was devised by the late Mr Moorsom of the 62d 
Kegiment ; it is dcsciibed and figured in the rcjport of the Indian Sanitary 
Commission, and would seem likely to bo a very useful modification of the 
common punkah. 

Ventilation inmost parts of India must be combined with plans for cooling, 
and often for moistening the air. 

Cooling of Air . — When the air is dry, t.^., when the relative humidity is 
low, there is no difficulty in coolingTthe air to abnost any extent. If the air 
be moving, this is still easier. The evaporation of water is the great cooling 
agency. A drop of water in evaporating, absorbs as much heat as would raise 
967 equal drops 1® Eahr., or in other words, the evaporation of a gallon of 
watiu' absorbs as much heat from the air as would raise gallons of water 
from zc^ro to the boiling point. As the specific heat of an equal weight of air 
is I that of water, it follows that the evaporation of 1 gallon or 10 tt) of water 
'will cool (10 X 4 X 967) 38,680 lb of air, or 477,637 cubic feet of air 1° Fahr., 
or, to put it in another way, the evaporation of 1 gallon "of water will reduce 
26,216 cubic feet of air from 80** to 60** Fahr. If thoroughly utilised, 1|^^, 
gallon per head would be the allowance for 12 hours, but as the full work is 
jiovor got out of any material, this quantity ought in practice to be doubled. 
In India the temperature of a hot dry wind is often reduced 15** to 20" by 
bl<fwing through a wot kuskus tattie ; but merely sprinkling water on the 
floors will have a perceptible effect on the temperature. > • 

When the jtir is stagnant cooling is less easy. In India it' is often attempted, 
in a still atmosphere, to insure coolness by creating currents of air either by 
the simple punkah or by thermantidotes ; these act by increasing evaporation 
fi-om the body, and they certainly do away witli the oppressiveness of a still 
atmosphere. Ilut evaporation- of water must be also cmjdoyed, as in Captain 
Moorsom's punkah just refeiTcd to, or in some other way. 

In the case of a thermantidote, or Amott pump, thin wet .cloths suspended 
in a short discharge-tube, or ice suspended in it, or a bottle containing a 
freezing mixture, and with a wet surface, will answer equally well 

When water is abundant other cojitrivances may be employed. A stream 
of water issues from a small orifice with a high velocity, apd impinging on a 
round iron plate about an inch or two from the orifice, is beautifully 
pulverised. Or the beautiful sheet-water fountains used to wash air for 
ventilation might be employed. In the old Eoman, and some Italian houses 
coolness was obtained by a fountain in the central court ; and where it can Ije 
done, the more common employiAent of fountains in the houses in the hot 
parts of India may be suggested. 

Cooling is then easy when the air is dry, or is not moister than 70 per 
cent, of saturation ; but when the air is very moist, and almost saturated, as is 
often the case, for example, in Lower Scinde, and is at the same time still, 
evaporation is very slow. What can be done ? Of course the air must be set 
in motion by mechanical means. But how is it to be cooled 1 Two plans 
suggest themselves — taking the air through a deep tunnel, and the employ- 
ment of ice. 

The tunnel plan was tried, I believe, some yenrs ago at Agra, and was not 
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well thought of. But everything depends on the mode of making the 
tunnel It must be deep enough to get into a cold stratum of earth.* 

The Chinese, in the north of China, suspend lumps of ice in their rooms 
during the summer ; but this seems a wasteful plan. Ice in tunnels would 
have a much greater effect. If the ice cannot be obtained, freezing mixtures 
might possibly be used, if the expense is not a bar. 

Ablution Roains, — In India, every private house, and almost every room in 
a house, belonging to a European, has its bath-room. And not only the 
luxury, but the benefit is so great, that bath-rooms should be considered 
essential to every i ban*ack. For the usual purposes of ablution the plan now 
used on hoine service is the best ; but it should be supplemented by shower- 
baths. In order that these shall be elficiently given, the old plan of carrying 
water by hand must be given up ; shower-baths for a regiment could never be 
provided in' this way; water in largo quantity must be laid on in pipes, and 
cisterns at the top of every barrack should feed the ablution rooms, and 
supply water for the urinals. At Icjist from 12 to 18 gallons daily should be 
allowed per head for shower-batlis alone, and, if possible, more than this, as 
general baths should be also provided. So essential must baths be considered 
for health, that a laige supply of water should be considered a necessary con- 
dition in the choice of site. The disposal of the water after use is a cpiestion 
for the engineer ; but it must not bo permitted to soak into the ground near 
the barracks ; it might seem superfluous to notice this, if the (uistom of 
allowing the ablution water to run under the hons(iS did not prevail at some 
stations. 

Unnals, — Urine tubs arc still used in many of the barracks in India, but 
theii‘ use shoidd be discontinued as soon as possible. Evaporation is rapid, 
and decomposition soon sets. in. Several aniiy surgeons liave pointed out 
that the atmosphere is greatly contaminated in this way, and some have c?5n- 
sidered that affections of the eyes are produced by the ammoniacal fumea 
Earthenware or slate urinals should bo used, with water running tlirough 
them ; and if there are no drains to cany off the urine, a zinc pipe may be laid 
inside the building, and open into a tub below, which should be emptied 
daily. 

The War-ollice Committee, in their “ Suggestions (p. 24), recommended 
Mr Jeimiiig’s urinal, which consists of a basin, valve, and syphon-trap, 
supplied with Water. It is* cleaned and filled by raising the handle. As 
already noticed ii> the Homo Barracks, the suggestion of a small water-tap 
above, to allow the means of ablution, seems an excellent one, 

Sub-Section IV. — Wooden Huts. 

Of late years the use of wooden huts, both in peace and war, has greatly 
extended in soveml of tlie European armies. In peace, their first cost is 
small, and they are very healthy. In war, they affoi'd the means of housing 
an army expeditiously, and are better adapted for winter quarters tlian tents. 

The healthiness of wooden ljuts doubtless de2)fends on the free ventilation ; 
when single-cased, the wind blows tlirough them ; and even when double-cased, 
there is generally good roof and gable ventilation. 

Numerous patterns of huts have been used in our own and other armies, 
from small houses holding six men to the large houses designed by Mr 
Brunei for Benkioi Hospital, and which were 25 feet high in the centre, 12 
feet at the eaves, and held 50 men. In tkn^ Crimea the most common sizes 

The recent investigations into the composition of the ground air, give additional reasons 
for objectmg to the tunnel plan, unless the utmost care were token to prevent the ground air 
being delivered into tlie dwellings (see page 327 ). 
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were for 12, 18, and 24 men. Sir Garnet Wolseley thinks the most useful 
size is 32 feet long, 16 wide, 6 feet to eaves, and 16 to ridge, to hold 28 
men ; two huts are put end to end, with one chimney between them. If 
protection has to be obtained against wind, make a wall a foot away. 

In arranging lines of huts, as much external ventilation and sunlight must 
be secured as possible for every hut. According to circumstances, the 
aiTangements in lines, or en echelon, &c., must be adopted. 

In time of peace huts are sure to be put up well ; to be properly under- 
pinned j on a drained site, and well warmed. 

War Huts. « 

In the putting up of huts in the time of war, when everything is done 
more roughly, the following points should be attended to : — 

Do not excavate ground, if possible ; and never pile earth against the sides.** 
{a) Floor. — Whenever practicable, underpin the* joists, so as to get a 
current of air under the floor. Arrftnge for the drainagje underneath, so that 
water may not lie, but may be carried by a surface drain at on('.o to an outside 
drain. If the floor is entirely of wood, have it screwed, and not nailed down,t 
so that the boards may bo taken up, and the space bolo-w cleaned. If the 
sides are of planks, and the centre of earth, pave the centre* with small stones, 
if they can be got, so that it may be swept. If this cannot be done, remove 
a little of the sm-face earth every now and then, and put clean sand or gravel 
down. 

(h) Sides . — If the sides are double, leave out a plank at the bottom of the 
outeido, and at the top of the inner lining. If the si4es are single, make 
tjbliipie openings for ventilation above the men\s heads, with wooden flaps 
falling inwards, and capable of being pulled more or less up, and inclosing the 
opening. Place a plank obliquely along the bottom at the outside, to throw 
the drip from the roof outwards, so tliat the water may not sink under the 
houses. Whitewash both inside and outside of the planks. 

(c) Roof. — Arrange for ridge ventilation. If felt is iLsed, let the strips run 
along the sides, and not over the ridge, and 
beginning at the bottom, so that each successive 
strip may imbricate over the one below it ; use 
no nails, but place thin strips of board across 
tlie strips fioiri the ridge downwards, to hold 
the felt down. Tarred calico is as good as felt. 

Warming. — In cold countries, if stoves axe 
provided, place them at one end, and let tho^ 
chimney run horizontally along abov^ the tie- 
beams, to the other end, and open at the gable; 
in this way, the heat is economised : or put a 
casing of wood round the stove, except in front, and allow fresh air to pass 
between thq stove and casing. If no stoves are provided, and a fire-place is 
made 'with stone, it should be put at one end, arid a wooden trougli running 
out at the gable bo used as a chimney. If a good broatl slab of stone can be 
obtained for a hearth-stone, dig a trench under the boards and lead the air 

* While it is desirable to have the walls as clear from accumulations outside as possible, it 
it must be remembered that this rule, like others, has its exception. Thus, In a very cold 
country, like Canada, a sufficient d ea ^ o£ warmth could not be obtained in a wooden hut 
without pilinff snow up against the s3^ 

t If possible the scre#s should be of copper, not iron ; if of iron each screw ought to l)e 
dipped m oil before being put in : this greatly increases the ease with which they can be with' 
drawn, and. also saves , the wood to some degree. 



Fig. 107. 
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from outside under the hearth-stone, and provide an opening at the other side 
of the stone. In this way the entering air is wanned. 

Trenches should be carried round huts as in the C6tse of tents. 

Fig. 108 shows a plan much used by the Germans in 1870-71 for tem- 
porary sheds ; the ci’ossing of the rafters permits thorough roof ventilation, 
and the raising from the ground where practicable is very important. 

Causes of Unliealthiness of Wooden Huts, 

1. Dampness from Ghroundj Earth against Wall^ — Drain welL Cut 

away ground from outside ; have good trenches round, with a good faU. 

2. Substances collecting under Floors, — Look well to this as a common cause 

of unhoalthiness. v ^ ‘ ^ 



3. Earth round Huts saturated with JEtefuse^ Xiriney — Eveiy now and 

then clear away the surface earth, and replace it with clean dry eai'th. 

4. Ventilation bad from too few openings. 

5. Cold, — Issue extra clothes, if additional fuel cannot bo obtained. See 
that the greatest effect is obtained from the fuel ; but do not, if it can possibly 
l>o helped, close the ventilators. 

Sub-Section V, — ^Tbnts and Camps. 

Tents. 

A good tent should be light, so that it may bo easily transported, readily 
and firmly pitched, and easily taken down. It should completely protect from 
weather, be well ventilated, and durable. 

It is perfectly easy to devise a tent with Borne of these characteristics, but 
not to combine them aU. 

The tents used in our army are as follows * 

. Home Service, 

The Bell-Tent,--- k. round tent with sides straight to 1 or 2 feet high, and 
then slanting to a central pole. Diameter of base, 14 feet ; height, 10 feet ; 
area of base, 154 square feet; cubic space, 513 feet; weight, when dry,* 
about 65 to 70 fi>. The canvas of the new pattern is made of cotton or linen. 
The ropes extend about 1^ foot all around. It holds from twelve to sixteen 
men ; and in war time, oven eighteen have been in one tent. The men lie 
with their feet towards the pole, their heads to the canvas. With eighteen 


Complete wetting of a tent adds from 30 to 40 per cent, to the weight. 
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mon, the men^s shoulders touch. Formerly, there was no attempt at ventila- 
tion ; but afterwards a few holes were made in the canvas near the pole. 
Ventilation, however, was most imperfect.* Dr Fyffe (formerly of the Army 
Medical School), who carefully examined this point, found the holes so 
small, that the movement of air was almost imperceptible. There is little 
ventilation through the canvas, and none at all when it is wot with dew. 
The new circular tent is somewhat improved as regards ventilation. 

The Hospital Marquee , — An improved hospital marquee was issued in 1866. 
It is in principle the same as the old marquee, but with improved ventilation. 
This tent is two-poled, with double canvas. It is made of a lower, almost 
quadrangular part, and an upper part, sloping from the "top of the straight 
portion to the ridge. ‘ . 

A new pattern measured in 1872 28 feet long, 14 feet in width in the 

quadrangular part, 5 feetl^h to *tEe top of the straight part, and 12 feet high 
from ground to \op^ of ridge ; the ground space was 353*4 feet, and the cubic 
space 2766*6 feet. This is rather smaller than the old pattern. 

It is intended for sick, and can accommodate ten men well ; eighteen is the 
regulation, and twenty-four men have been put in it ; but tliis crowds it ex- 
tremely. There are ventilators, and a large flap at the top can also be opened 
for ventilation, and the fly can be raised. Its freight (iiudiiding the valise) is 
about 500 Ib. A waterproof sheet is now supplied, to put on the ground, and 
this weighs 145 lb. 

It is a good tent when care is taken with vontilntion ; but there should be 
a way of raising one whole side, so as to expose every part of the tent ; and if 
tlie height of the upright part were 6 feet, it would be more convenient. 

OircAdar Tent , — A double circular tent, weighing about 100 lbs., has been 
approved of for hospital purposes, into which four sick or wounded men 
i^ould be pLacod, This forms part of the now field equipment. 

Shelter Tent . — There is no official shelter tent for the English army on home 
service, but one was formerly issued for service at the Capo. Each man 
carried a canvas sheet, made up of a quadrangular (5 feet 9 inches x 5 feet 3 
inches) and of a triangular piece (2 feet 8 inches height of triangle x 5 feet 3 
inches base). Buttons and button-holes were sewn along throe sides, and a 
stick (4 feet long, and divided in the middle) and three tent pegs and rope 
also were provided. Two or four of these sheets could be put together, the 
triangles forming the end flaps. A very roomy and comfortable shelter tent, 
4 feet in height, was formed, which would, with a little crowding, accom- 
modate six men, so that two sheets could go on the ground. The objection 
to this tent was its weight, viz., 6 lb 14 ounces per man. If a thinner 
material could be obtained, and if the size could bo a little lessened in all 
directions, it would bo a very good tent. I have attempted to arrange a cape 
and waterproof sheet in such a way as to form a tent when suspended on 
rifles, t A plan for making a shelter tent with blankets is given in tlie 
“Instructions for Encampments,” 1877, p. 19, paragraph 14. 

Officers* Tents , — Marquees are allowed, one {or each field-officer; each 
captain, and every two subalterns, have one circular tent. The officers* niiir- 
quee weighs. 176 lbs. 

On Indian Service, 

The tents for Europeans are marquees, with two polos and ridge, double 
fly. Length, 21 feet ; breadth, 15 ; height to inner fly, 10 feet 3 inches; 


* Barrack Improvement Report, p. 107. 

+ Army Med. Depart, Report for 1870 ,* 1872, p. 260. 
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and outer fly, 11 feet 9 inclies. Twenty-five infantry are accommodated with 
85 cubic feet per man ; or twenty cavalry with saddles, with 100 cubic feet. 

The tents for natives have a single iiy. Length, 22 feet; breadth, 12; 
height of pole, 10 feet; to accommodate twenty cavalry, or twenty-five 
infantry. 

French Tents, — In the French army, two chief kinds of soldiers* tents are 
used. 

1. The tente dJalni^ or shelter-tent of hempen canvas, is intended for three 
or four men. Each man carries one-third or pne-fourth of the tent, and a 
stick ; the weight of the two being 3 Tb, The canvas he carries serves him 
for a covering wliile marching; or he can form dt*^ into a bag, into which he 
can creep. Each slicet is 5 feet 8 inches l^g,‘’'and 5 feet 3 inches broad; 
the stick is 4 feet 4 inches long, and 1 J inch ip'diametor. When the tent is 
pitched, the tliree men can creep inside, and have 'as much sppee and as good 
ventilation as the English soldier in the bell-tent. ^This sort of tent has the 
great advantage of giving protection during the march, and immediate cover 
when the march is over. The number of baggage animals for the army is 
also greatly lessened. 

Some of the French tentes d'ahri arc intended for four or six men ; the 
length is feet, the height, 3;^ ; it is carried by throe or four men. The 
total weight of the tent is from 6^ to 8J lb.* 

2. Tente de Troupe^ or Tents Taeonnet , — This is a two-poled tent, with a 
c^onnecting ridge-pole. It i's 19^ feet long, by 13 or 14 ^vide, and 10 high ; 
the ground area is 243*5 square feet. It is intended for sixteen men. There 
are two openings in the centre, which can be held out by poles, each 5 feet 
in length, or closed at pleasure. Between the poles, at the height of 6 feet, 
there is a perforated wooden plank, on which articles are placed, or from 
■which tliey liang. The total weight is 143*5 lb avoir. This tent is con- 
sidered cuinbei*some and unstable, and is now being abandoned. 

3. Two conical hmts are also used, like the English bell-tent ; one (tente 
com'que) a cont^, and the other having an upright wall 16 inches high, and 
then being conical above (tente cmiiqiie d rnuraille). This last tent is 
ventilated at the top ; a galvanised iron ring, 12 inches in diameter, receives 
the canvas, wliich is sewed round it. An opening is thus left of 113 square 
inches, wliich can be closed by a wooden top which rests on the top of the 
pole, and is buckled to the ring. Each tent holds twenty men. The tente 
coni fine is tlie one now chiefly used. Small tents called tentes de marche are 
now issued to officers, who formerly provided their own of various forms. 

Prussian Tent, — This is a conical tent, with a single polo, like the bell-tent 
of the Englisli army; it is nearly 16 fect^in diameter, the polo 12 feet high; 
it holds fifteen men, and weighs 91 Ib avojr. The floor space is 12 square 
feet and the cubic space 70 cubic feet per head. 

Prussitm Hospntal Tent, — The ground-floor of the tent is a rectangle 62 
feet long and 24 broad ; the tent is 16 feet high ; there are 6 oy 8 poles ; the 
area is 1488 square feet. It is divided into three parts : a central, 62 feet 
long and 24 broad (•= 1248 square feet), for the sick, and two rooms, each 6 
feet long and 24 broad, for attendants, utensils, &c. Some of the tents are 
made ■with liollow iron poles, and there is a good hood for ventilation. Each 
tent could contain 20 to 22 beds, but only 12 patients are placed in it. It 
stands on an area of 80 feet by 40. Since 1862 the Prussians have ti-eated 

* Larger shelters may be made by combining the portions carried by several men. Moracho 
complains of the general introduction of the tente aahri in the French army, as cliorging the 
Boldior pennanently with extra weight to provide for him only an illusory shelter, 

+ From Heyfelder’s Camp of Krasnoe-Selo, 1868. 
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many of the worst cases under such tents during the summer. The same 
practice has been adopted in the Austrian army for the last 16 years . 

Runmin Tent. — ^The infantry tent is quadmngular, 14 feet square and 7 
feet high to the slope ; there is a centre pole and four comer poles ; it is 
intended for fourteen men, but only twelve are usually placed in it. lionnd 
the tent is a bench 1 J foot broad, and covered with straw mattresses and 
sheets (in the summer camps) for sleeping. A wooden rack round the centre 
pillar receives the rifles. The canvas can be partly or entirely lifted up. The 
officers^ tents have double canvas. 

Northern Ameriean Teids. — At the commencement of the civibwar the 
Sibley tent was much used- It is conical, 18 feet in diameter, and 13 feet 
high, with an opening for ' .ventilation, and gives 1102 cubic feet; often 
twenty or twenty-two men were held by one tent. Bell and wedge-shaj>ed 
tents were also used ; the latter was 6 feet 10 inches long, 8 feet 4 inches 
broad, and 6 feet 10 inches high, with a cubic space of 194 feet. It held six 
men. 

These tents, however, did not answer ; the ventilation was most imj)erfect, 
and in the summer of 1862 ponchos and shelter-tents were issued, Avliich in 
the army of the Potomac superseded the old tents.* The poncho is a piece 
of oil-cloth with a slit in the centre, through which the heail is put ; two 
ponchos can form a shelter-tent. The amiy of the Potomac spent the winter 
in im|.)rovised huts of logs or mud, with the ^belter-tent for the roof. 

Tile larger tents are, however, still used for stationary commands, ami for 
hospital purposes. 

Other Plans . — A very great number of different kinds of tents are employed 
by different nations, and many plans have been proposed of late years.! Of 
^lese Edgington^s square military tent, and Turners and Khodes* huits, an^ 
tlie best. The fii’st is a*' single poled pyramidal tent, with a second pole to 
sustain the entrance flap ; it is 13 feet square, and will hold sixteen im3n. 
There are ventilating holes through the canvas at the top, i)rotectod by canvas. 
It weighs 90 fl). 

Turner’s tents are conicial and oblong ; the polo is hollow iron, and is sup- 
ported in a tripod, below which a stove can be placed, to which the pole servos 
as a chimney. Instead of ropes, galvanised wire and iron pegs are used, and 
wire ropes running from the pole to the circumference are used to sustain 
hammocks, and so raise the men from the ground. A tent for cighti^en men 
weighs 300 Ib. Turner’s hospital tent is 60 feet long, 29 wide, and 18 high, 
and weighs 896 Ih.f A great advantage of these and similar tents is that a 
stove can he ejisily used, and there is pretty good ventilation through the 
hollow pole. The raising of ment>ff the ground is also a great advantage. 

Major Ehodtis’ tent is a curvilinear octagon, wliich is made up by a frame 
of stout ash or bamboo ribs, which are stuck into the ground, passing through 
a double-twisted rope near the ground, and bent into the centre, whore they 
meet in a wooden head fitted with iron sockets, to receive the ends of the ribs. 
The framework is not unlike an open umbrella, >Therope through which the 
ribs pass is well pegged to the ground, and there are also outside storm roi^es, 
so that, both from the shape of the tent and its ties, no storm can blow it 
over. There is a good top ventilation through an opening protected by a 
leathern cap, and the canvas covering which contains the tent (when i)acked) 
can be divided into two parts, and buttoned inside the bottom of the tent, so 
as to prevent air from blowing in under the canvas. 

* Woodward, Outlines of the Chief Cam]^ Diseases of the United States Army, 1863, j). 46. 

+ A very gooii description will be found m Major Rhodes’ Tent Life and EuwuniJing, 1859. 

j Rhodes, p. 178. ^ 
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A small tent (guard tent), capable of holding four or five men, is also used. 

The hospital tent is made of two of these tents connected by a portion of 
tent made of ribs which run to a ridge pola It is 30 feet long, 1 5 feet Avide, 
and 10 feet high, but can be made of any length. The field tent weighs 
lOOft) j the hospital tent, 395 Bb. Both those seem excellent tents; they give 
much more ground areji, cubic space, and standing room, than any form of 
cone tent, and are more convouient, as there are no poles. 

General Conclusions^ 

Tlie history of all Avars in the temperate zone proves that men cannot war 
without protection from W(?ather.* * * § Both theory and experience show that 
the best arningement for a soldier is that he should carry a portion of 
a shelter-tent, which may at once serve him for a cloak on the march, and a 
cover at night, if lie Ls obliged to lie out without pitching his tent, and which, 
joined to two or three other similar pieces, may make a tent to hold three or 
four. For camps of position, where troops are kept for months, and where 
there is less trouble about transport, larger tents can be used, and then either 
a tent like that of Major Khodes’, or a two or four poled tent like 
the Prussian, appears to be the best. 

The Knmcli system, now adopted by the Americans, is in reality a very old 
one. The Macedonians used small tents which held two men,f and Khodes 
figures a little shelter-tent of the same form as the French, and holding 
apparently fiA’^e men, Avhicli was in use in the British army in 1750. 

At various times in late wars the English army have extemporised tents of 
this description, by suspending blankets over their firelocks. But it would 
be much better to have a good shelter-tent, which would make the men inde- 
pendent of their bell-tents, on emergency, and thus greatly lessen the baggag® 
of the army, as well as protect the men. 

All army could tluiii enciamp and house itself as fast as it coidd take up its 
ground, and so short is the time necessary for pitching the tent that oven in 
heavy rain the men would not get Avet. The men lie much more comfortably 
than in the bell-tent, f and there is scarcely a possibility of its being blown 
down. 


Camps. 

Several regulations have been issued by the Qiiartermaster-Generars Depart- 
ment, § an<l the “ Queen’s Regulations ” (pocket edition, section 16), contain 
several orders Avhich will be noticed hereafter. The Barrack Improvement 
Commissioners also, in their Report (1861, p. 168), lay down certain rules 
which must be attended to. 

Encampments are divided into two kinds* — those of position, which are in- 
tended to stand for some time, and incidental camps. The camps are arranged 
in the same way in peace and war, as a means of training the men ; but, of 
course, in peace the wai* arrangements need not be adhered to. 


* The Pranco-CIennan war of 1870-71, does not negative the rule that shelter must be given 
ill some way ; the Germans in their camps hutted themselves, and in their marches found 
shelter in houses in the greater number of cases. 

+ Rhodes* Tent Life, p. 13. 

j; In some of the last China expeditions waterproof sheets were issued, of which the men 
made tents as well as cloaks. I was told by a private soldier who carried one of these, that 
nothing more comfoitable was ever issued to the men. His sheet was the last thing that a man 
would part with. 

§ Regulations and Instructions for Encampments, *' Horse Guards,'' 1877. A great deal of 
very important information is given in this little book. 
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In the Eegulations and Instructions issued in 1877 by tho Quartemiaster- 
Generars Department, the following rules are laid down 

1. That the means of passing freely through the camp should be maintained, 

2. That the tents, bivouacs, or huts should be disposed with a view to the 
greatest amount of order, cleanness, ventilation, and salubrity. 

3. That the camp be as compactly arranged as possible, consistently with 
the above considerations. 

Troops are ordered to be encamped in such a manner that they can be 
rapidly formed in a good position for action. This does not involve the 
necessity of enciamping on the very position itself.* Although purely stra- 
tegical or tactical considerations are of the first importance before an enemy, 
yet sanitary advantages must always be allowed great weight, and will, in 
most cases, govern the choice of ground if military reiisons j)ermit. Cavalry 
and infantry caTnps are directed to bo formed with such intervals between 
their troops or companies as circumstances may require, or the gencml com- 
manding may direct. Open column is usually the most extended order uscid, — 
but the camp may be so compressed as to give only 8 sipiare yards per Iiea(.l.+ 

In front of the camp is the battalion parade, the quarter-guard l>oing in 
front of all. Behind the men’s tents are the kitchens, and behind these the 
tents of the officers ; then come tho wagons, horses, drivers, and batmen ; next 
the ashpit and latrines, and on the boundary line tho margiiai’d. In fixed 
camps the latrines and kitchens may be pitched elsewhere, if found advisable. 

The distances between diffei’eiit corps are, as a rule, to be 30 paces. 

Cavalry are encamped in the same way, in columns of troops or sipiadrons; 
4 feet of space is allowed to each horse, which is picketed. 

Artillery encamp with the guns in front, the wagons in two lines behind, 
jnd the hoi*ses and mem on the flanks, the men being outside, the officers* 
tents being hi rear. A battery of artillery, with 192 of all miiks, and 154 
horses, occupies a space of 175J yards by 133 in open order, and 85 by 71| in 
close order. Other arrangements are given in the Eegulations.J 

On considering these ariaiigements, it is eviilent that tho compression of 
the men is considerable. As in war it is not alwfiys easy to give s])ace, the 
importance, even in a military point of view, of thoroughly ventilating the 
tents is obvious. 

Com^presHod Camp ^, — Occasionally the tents have been placed much closer 
together. It is to be presumed that no military officer who regards the 
comfort or health of his men will ever do so without an imperative military 
necessity. Yet it has been occasionally done, and tents have been placed 
almost as closely as they could he, even when ground was available, and no 
enemy was in front. Under these circumstances, an explanation of the 
reasons for not crowding the men together will undoubtedly satisfy the otticer 
in command that he is sacrificing comfort, convenience, and elliciency, to a 
false notion of order and neatness. 

In the Crimea, many officers dug out the interior of their tents, leaving a 
small pillar of earth to support the polo ; a ledgo of about 9 inches in wi<lth 
was also left all round the outside to serve as a shelf ; a great deal of comfort 
and shelter was thus given in cold winds, but it would be well to go to 
as little depth as possible unless the soil is dry. 

* Regulations and Instructions for Encampments, p, 1. section ii. 

+ Measurements in infantry camps are usually. made in paces:— 6 paces=6 yards; other 
camps are measured in yards. 

X For numerous plates of camps, tents, kitchens, &c., the reailer is referred to tho Instruc- 
tions and Regulations for Encampments, price Sd.— ^wnich ought to be in the hands of every 
officer. 



558 


CONDITIONS OF SERVICE. 


Points to he attended to in the Erection and Conservancy of Camps* 

Dig a trench round each tent, 4 inches deep, and the width of the spade, 
and carry it into a good surface drain running in front of the tents, with a 
proper fall. Place the tent on the ground and do not excavate, or to a slight 
extent ; in a camp of position, the tents can sometimes be raised on a wall 
constructed of stones, or even earth, if this can be plastered over. Whenever 
possible, let the floor of the tent bo boarded, the boards being loose, and able 
to be removed. If there are materials, make a framework elevated a few 
inches from the ground to, carry the boards. If boards cannot be obtained, 
canviis or waterproof sheets should be used ; whatever is used, take care that 
nothing collects below, and move both boards and canvas frequently to see 
to this, and scrape the earth if it is at aU impregnated. If straw is used for 
bedding, get the men to use it carefully ; to place pegs of wood or stones, and 
make ro})es of straw running from peg to peg, so that each man may keep his 
own place neat ; or to make mats of straw of a triangular shape, and 3 or 4 
inches thick. Take care that the straw is kept dry, and never allow the men 
to use green foliage, or any damp substance. Have the sides of the tent 
thoroughly raised during the day, and even at night, to leeward. Whenever 
practicable (twice a-week if it can be done), the tents should be struck, the 
boards taken up, the surface well cleaned, the worst part of the straw 
removed and burnt. 

In a camp of position dry paths should be constructed between the different 
roads ; latrines should be dug in rear of the stables, and not too near the 
kitchen, and en echelon with the camp ; for a standing camp each latrine 
should be a trench 20 to 50 feet long, according to the size of the camp, 10 
deep and 2 wide at the top, and 3 at the bottom. The earth thrown out 
should be arranged on three sides. It should be screened by branches of troe^, 
and 9 inches of earth should bo thrown in every day.* When 4 feet from 
the surfac(3, it should be filled in and another dug, the earth of the old one 
being raised like a mound to mark the spot. Close to it an urinal should be 
constructed, of a 8lo])ing channel paved as well as can be, and leading into 
the latrines, or of a tub which can be emptied into it, and, as far as possible, 
men should be prevented from passing the urine round their tents. In camps 
for a few days a trencdi 12 paces long, 2 feet deep, 2 feet wide at top and 1 
foot at bottom, is sufficient. 

A corps of scavengers should be immediately organised to clean away aU 
surface filth, and to attend to the latrines and urinals. All mfusc must be 
completely removed ; it is often a good plan to burn it. Both in peace and 
war, encamping ground should be often changed, and an old camp should 
never b(^ re-occupied. 

In addition to tents, the men may be taught, if possible, to house them- 
selves. Huts of wattle should be run up, or wooden sheds of some kind. In 
war, men soon learn to house themselves. Luscombe gives the following 
account of the huts in the Peninsula : — 

“ A cork tree or evergreen oak with wide-spreading branches was chosen, a 
lower branch was nearly cut through, so as to allow the extreme points to drop 
to the ground. Other branches were then cut from adjoining trees and fixed 
in a circle in the ground, through the branch, on which their upper branches 
rested. Smaller branches were then interwoven to thicken the walls, and the 
inside was lined with the broom-plant, which was thatched in. The door of 
the hut was put due east, so that the sun might pass over it before it reached 
the horizon.” 


* The Regulations direct only 2 or 3 inches of earth. 
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This hut was very cool during the day, hut very cold at night, and thus 
“ very prejudicial to health.” 

Sir Garnet Wolseley states that many English officers and the Sardinians 
generally, in the Crimea, made comfortable huts in the following way : — A 
space was dug out feet deep, and the size of the hut ; those made to 
contain 6 Sardinian soldiers were 14 feet 3 inches long, and 7 feet 1 inch wide 
in the clear. Gables were then built of mud or stone, or made of boards or 
wattle and daub ; the gables were 2 feet wider than the excavation, so as to 
form a shelf aU round \ a door was in one and a window in the other. The 
fireplace was made of brick or mud, or simply cut out of the face of the (?artli 
in one of the side walls, a flue being bored in a slanting direction, so as to 
come out clear of the roof, and being provided with a cliimney 2 feet in height. 
The pitch of these roofs should bo at an angle of 45“.* 




Hospital Encampment of 9 Marquees and 14 Tents. 
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Measurements are in paces to centre poles of marquees. 
Total depth, 116 paces. Total length of front, 116 paces. 

Fig. 109. 


Underground huts are sometimes used in camps ; they are, however, 
dangerous j they are often damp, and are difficult of ventilation. In cold, 
dry countries, however, they are warm, and the Turks have constantly used 
them in campaigns in winter on the Danube. Th^y have, however, frecjuently 
suffered from typhus. If used, there should be two openings besides the 
chimney, so as to allow a current of air ; and a spot should be chosen where 
it is least likely water will gravitate. But underground huts are always to 
be discouraged if any substitutes can bo found. Sometimes the side of a hill 
is cut into, and the opqn top covered with boards and earth. This is as had 
as an underground hut 


llrawings of various kinds of huts and bivouacs arc given in the Ilegulations, op. gU. 
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Hos^iital JEncarrqyrnmU 

When marquees are availahle, and a good piece of ground can he selected, 
the best plan is to arrange the marquc<^ in the form of a triangle. The figure 
(109) shows the plan proposed by Surgeon-Major Moffitt, who has paid great 
attention to this point. ' In the plan § marquees are arranged, but 3, 5, 7, or 
a larger number than 9, may be equally weU placed in the same order. There 
is good ex]:)Osure to air, and convenience fh administration. 


SECTION II. 

THE FOOD OF THE SOLDIEE— ARMY REGULATIONS. 

The Army Medical Regulations place the food both of the healthy and sick 
soldier under tlie control of the medical officer. He is directed to ascerttiin 
that the rations of the healthy men are good, and that the cooking is properly 
performed ; the amount of food for the sick is expressly fixed. On taking 
the field, the principal medical officer is ordered to advise on the subject of 
rations, as well as on till other points affecting the health of the troops. It 
will thus be seen that a great responsibility has been thrown on the Medical 
Department, and that its members will be called upon to give opinions on the 
quantity of all kinds of food supplied to soldiers ; on the composition of diet ; 
on the quality and adulteration of the different articles ; and on their cooking 
and preparation. 

In the case of sold lei’s and sailors, definite quantities or rations of food 
must be given. It is, of course, impossible to fix a ration which shall suit all 
persons. Some will eat more, some less, but certainly every scale of rations 
should err on the side of excess rather than defect. 

The following are the lations of the chief European armies : — 

English Soldier on Home Service, 

The English soldier receives from Government 1 Ib of luead, and f lb of 
meat, and buys additional bread, vegetables, milk, and groceries. The follow- 
ing table shows his usual food ; — 


NuintivG Value, in Ounces {avoir,) and Tenths of Ounces, 


Articles. 

Quantity taken daily 
in oz. and tenths 
of oz. 

Water. 

Nitro- 

genous 

Sub- 

stances. 

Fat. 

Carbo- 

hydrates. 

Salts. 

1 

12 

07.. ) 






Meat, . . < 

(of which 

‘•‘i 

7-20 

1-44 

0-80 


•154 

1 

is bone.] 






Bread, 

24 

oz. 

9-60 

1-92 

*0-86 

11-81 

•312 

Potatoes, 

16 

9f 

11-84 

0-24 

0 02 

3-75 

•020 

Other vegetables, 

8 

ft 

7-28 

0-16 

0 04 

0-46 

•050 

Milk, 

3-25 

ft 

! 2-92 

0-10 

0-08 

0-13 

•016 

Sugar, 

1-33 

ft 

. 0-04 


• •• 

1-28 

•006 

Salt, . 

0-25 

fr 

• • • . 

• •• 

• • • 

... 

•250 

Coffee, 

0-33 

ft 


• • • 

■ ■ , , , 

... 


Tea, , 

0*16 

ft 

... 

... 

... 

... 

... 

Total Quantity, 


OZ. 

38-88 

8-86 ' 

1-30 

17*43 

00 

© 

00 
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Calculating this by the tables given at page 196 it would give — 

Grains. 

BTitroge]^ • • . . . . . . 266 

Carbon in albuminates, . . . 899*3g ) 

Carbon in fats, . . . * . 449 ‘28 > . 4718 • 

Carbon in starches, . ^ . . 3369*^7 j 

if ' 


The quantity of nitrogen is considerably below that of the standard diet, 
while the amount of carbon is nearly correct, only this is given chiefly in the 
form of carbo-hydrates, and not as fat. The diet would be improved by the 
addition of more meat or of cheese, and by the addition of butter or of oil. 
So also, while fresh succulent vegetables are sufficient, the use of peas and 
beans, as in tlie French army, would be very desirable.* 

Using Dr Frankland’s table, and taking the bread ^th crust and ^ths 
crumbs, and the “ other vegetables " as cabbage, the total force obtainable in 
the body from the soldier’s daily diet appears to be equal to lifting 3848 '5 
tons one foot. The amount for the internal and external mechanical work of 
the body being taken at 700 tons lifted a foot, there remains 3148 tons for 
the equivalent amount of heat and all the other processes. 

The accessory foods are rather deficient in the soldier’s food, and vinegar 
especially should be used. Eobcrt Jackson very justly insisted on the 
imporbince of vinegar as a digestive agent and flavourer, as well, no doubt, as 
an anti-scorbutic. He remarks on the great use of vinegar made by the 
Eomans, and possibly the comparative exemption which they had from 
scurvy was duo to this. 

Tlie diet of the soldier on foreign stations is stated under the several 
he«jdings when it^ differs materially from that of home service, and the. 
alterations in the diet which should be made under circumstances of great 
exertions are given in the proper chapter. 

In the time of Edward VI. the English soldier’s rations during war were — 
meat 2 Tb, bread 1 ft), wine 1 pint (Froude). 

No scale of diet is laid down for war, and probably it would bo fixed at the 
time, and in view of the possible character of the camjpaign. The war scale 
should be very liberal, and every article ought to be issued by the Supply 
Department. It would be probably a good plan to have the supply under 
two headings, the “ usual ” and the extra ” articles, the latter being intended 
for special occasions, such as forced marchers, rapid movements far from the 
base of supplies, &c. The usual ration ought not to contain less than 375 to' 
400 grains of nitrogen. The following is suggested as a liberal and varied 
war ration, which could be easily supplied under ordinary cases : — Bread, 

1 J fc ; fresh meat (without bone), 1 B) ; peas or beans, 3 ounces ; potatoes or 
green vegetables, J Ih ; cheese, 2 ounces ; sugar, 2 ounces ; salt, | ounce 
pepper, ounce ; groimd coffee, 1 ounce ; tea, J ounce ; red wine, 10 oimces, 
or beer 20 ounces. No spirit ration to be given, exc^t under order from the 


* That the food of the English soldifir is deficient, especially for the younger men, is known 
also from evidence. The late Director-General (Sir James B. Gibson) strongly urged on the 



whom have been long* accustomed to take spirits, and who have injured their digestive powers 
by so doing, take less food. I have no doubt, however, that, taking the army through, the 
ration, especially of meat, is not enough. For further remarks, see^e Soldier's Ration, by 
F. de Chanmont, Sanitary Record, Feb, 6, 1876, 

’Y It may be suggested that chloride and phosphate of potassium, and perhaps a little citrate 
of iron, might be added to the common salt. ^ 

2 N 
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generals of divisions. The nutritive value of this diet is about 380 grains of 
nitrogen and 5000 of carbon.* 

The “ extra ” articles would be kept in readiness by the Supply Department 
for occasional issue^ viz., salt meat, Australian meat, Chicago meat, dried meat 
(such as Hassall’s or McCall’s, or the best market article of the kind), Liebig’s 
extract of meat, pea and beef sfiusages, biscuits, flour, meat biscuits, rice, lime 
juice, preserved vegetables, brandy or ruin, and vinegar. 

This plan supposes that the ‘‘ usual ’’"sdale of diet would be issued to the 
troops, and the “ extra ” articles under certain conditions, and under order of 
the general of the division. 

Bread (which should be well-baked) should be issued as long as possible 
and if biscuit is issued for more than a week, flour or rice should be added to 
it. When" salt meat is issued for several days in succession, vinegar should 
be given with it. If no vegetables can be obtained, lime juice should be 
early had recoui’so to. 

Tlie usual alcoholic ration of the troops should be beer or wine, instead of 
spirits (see page 302). As all the continental armies issue wine rations in war, 
there can be no difficulty on the score of transport; and even with beer, though 
twice as bulky as wine, it is believed that it could be in most cases supplied. 

But the issue of red wine instead of spirits is strongly urged. 

For lupid expeditions, when transport has to bo reduced to the minimum, the 
use of concentiuted and cooked foods is all important. The men can carry 
enough for seven or eight days, and are then independent of all base of supply. 

Pea and flour sausages, meat biscuits, and dried meat, are tlio ]>est to use ; 
and the issue of cheese and bacon fat, if it can be obtained %vith these, gives 
a diet which is fairly nutritious and not disagreeable. The following would 
bo the weight of food wliich would last a man for a week, and render him 
independei\t of the Commissariat during that time : — Biscuit, 2 S) ; pea ojp 
flour meat sausage, 4 lb ; dried meat, 2 ft ; sugar, f ft ; tea, ^ ft ; cheese, 1 
ft ; — toUd, 10 ft. That is to say, a weight of 10 ft, which would be lessoning 
day by day, would, if properly used by the men, carry them through a 
week’s labour, and althougli, of course, a meagre diet, would yet enable them 
to do their work. 

The extract of meat, as an extra ration, is intendi‘d for another purpose. 
It liiis a great rtjstorative power, and should bo kept for special cases, such as 
the following : — 

1. It is expected the army, after a rapid march, will meet the enemy, and 
that there will be no time for preparing food. A small (quantity of Liebig’s 
extract., merely mixed with 3 or 4 ounces of red wine, will restore strength in 
a wonderful way ; no cooking is required, and ten minutes time will supply 
a whole regiment. 

2. The force meets heavy weather, and every man is drenched. The issue 
of Liebig’s extract, made into hot soup, and with wine added, will have a 
very great eflbct in preventing bad consequences. 

♦ For further remarks see Military Hygiene,” a lecture by F. de Chaumont, Journal of 
the United Service Institution, 1870, 

t Steam baking ovens have been used in the Autumn Manoeuvres, and have been found very 
good. Field ovens were also built by iron hoops fixed in the ground. Sir G. Wolseley gives 
the following plan i— Take a barrel (with iron hoops, if possible), knock out the head, lay it on 
its side, after semping abed for it ; cover it with a coating of 6 or 8 inches of thick mud, except 
at the oi)en eud ; pile up sand or eai'th to a thickness of o. inches over the mud ; arrange a fine 
at the end distant from the open part, through the mud and earth, of 3 inches diameter, to 
increase the drauglit when the fire is burning. Form an even surface of well-kneaded mud at 
the bottom of the barrel ; light a fire .in the barrel, and keep it alight until all the wood is 
burnt ; there will then be a good oven of clay, supported by tne iron hoops. Wlien heated for 
baking, the mouth is closed witb boards, or a piece of iron or tin. These ovens were used in 
the ited Kiver Expedition, and answered adniir^ly. 

f 
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3. A forced march^has to be made in a very short time, and no fires can 
be lighted for cooking. Liebig’s extract in small tins should be distributed 
to the men, who should spread it on their biscuits.* 

4. After action it is invaluable for wounded men, and can be carried about 
the field and given to the men who cannot be brought into the hospital. 

It would be convenient to have the extract carried in cases holding small 
quantities, so that one pot may be issued tp. ten or twenty men. 

The strength and use will require t# be explained. 

In war the supply of food is often difficult, but as an army “ fights on its 
belly,” the importance of food at critical movements cannot be ovcrinted. 
The uncertainty of the time of supply, and the difficulty of cooking, often 
cause the men to be without food for so many hours as to greatly exhaust 
them ; and some actions have been lost, others have remained without good 
result, from this cause. This can only be avoided by regimental transport 
of condensed and ready -cooked food, which may be used on such emergencies, 
and given in addition to the usual rations issued by the Supply Departments. 
The colonel of a regiment would then always bo sure that he had the means 
of keeping up the strength and vigour of his meiu The Germans are now 
trying a plan of cooking, which is intended to obviate ono difficulty on the 
march.* A Yiennese engineer (Herr Beuerlo) has altered Papin’s digester in 
such a way as to make it a convenient cooking utensil, and it is now in use in 
the Austrian ambulances. It is a doubly conic iron pot covered wth a lid, 
and caj)able of standing the pressure of five atmospheres ; the lid is fastened 
by screws, and a layer of felt or india-rubber is between it and the rim of the 
pot, so as to exclude air ; in the lid is a ventilating opening, weighted to 2 *^516 
(Austrian = 3*1 ft) English), so that it opens when the pressure exceeds one 
atmosphere. The meat, salt, vegetables, &c., are put into this digester, and 
iff is filled up with water till about 3 fingers’ bi^eadth from the top. The 
amount of water is 1 pint (English) to 1 & of meat (Englisli). This makers 
so strong a soup that it has to bo diluted. The pot with tlie lid screwed 
down is put on the fire (three iron supports from wliich the pot hangs, like a 
gipsy’s kettle, are provided for the field), and as soon as steam is developed, 
which is known by opening the ventilator a little, thij fire is moderated. In 
an hour and a lialf the soup is ready. Pots to cook from eight to twenty-five 
rations are made, and special arrangements are made for cooking potatoes, &c. 
The plan is, in fact, in principle similar to Warren’s compressed steam boilers, 
now used in the army, but is simpler. 

One advantage in active service of this plan is, that if the troops are sur- 
prised, and have to move off their ground before the soup is ready, the pot is 
simply thrown into the waggon, and at the end of the march the soup is 
usually found to be ready, f 

EaTIONS of the FrEXCH SOLD1BR.J 
In t ime of Peace. 

Under the new regulations of 1873, the Govemjnent furaishes the meat for 
the soldiers’ rations at about 35 per cent, under market price. This has 


* Der Beuerle'sche Dampfkochtopf.— Deutsche Militairarztliche Zeitsch. 1872, heft v. p. 216. 

• + In the Crimea, Soyer introduced various portable cooking stoves, but probably the conj- 
pressed steam cooking will supersede all others, Soyer also gave several receipts for field 
cooking, which were found to be very useful. A number of these receipts were printed in 1872 
at the Koval Artillery Institution at Woolwich. In case of a war, it would be useful to print 
some receipts of the same kind, adapted to the particular sort of cooking stove then in use. 

It Code des Officiers de Sant6, par Didiot, 186% pp. 481, et seq. Alterations have been 
made in the scale of diet since 1874 ; the new scale is given in the text. 
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proved a great advantage for the soldier. The State Also furnishes bread 
(pain de maintien) and fuel ; the white bread (pain de soupe), as well as 
other articles, are bought from the funds of the ordinaire^ or common fund 
of the company, battery, or squadron. To this the soldier pays 43 centimes 
a-day, out of 48 that he receives, except in Paris., when his contribution is 
51, out of a total of 68. The remaining 5 or 7 centimes he receives in cash. 


Infantryoftlie Line.* 


Munition bread, 

Grammes. 

760 

Ounces avoir. 

26-5 

White bread for soup, 

250 

8:8 

Meat (imcooJced\ 

300t 

10-6 

Vegetables, (green), . 

100 

3'6 

„ (dried), . 

30 

M 

Salt, 

15 

0-6 


f 0 07 

Pepper, .... 

2 

1 =31 grains. 


Total 51*70 

If biscuit is issued, 650 grammes (or 19*4 ounces) are given in place of 
bread. If salt beef is used, 250 grammes (8*8 ounces) aix) issued, or 200 
(7 oz.) of salt pork. Haricot beans form the chief part of the dried 
vegetables. 

Analysed by the table for calculating diets, and deducting 20 per cent, from 
the meat for bone, the water-free food of the French infantry soldier is, in 
ounces and tenths — 



Water. 

Albumi- 

nates. 

Fats.- 

Starches. 

Bread, 

Meat, 

Vegetables (taken as cabbage), . 
Vegetables dried (as peas) . . . i 

Total, 

14T5 

6*30 

319 

0*16 

2-820 

1-260 

0-007 

0-242 

0-630 

0-706 

0-017 

0-022 

17*26 

0*21 

0*68 

23*80 

4-329 

1-274 

18*04 


In Algiers the ration of bread is also 750 grammes, or 26*5 ounces, and 8*8 
ounces for soup, or biscuit 643 grammes. The meat is the same ; 60 grammes 
of rice and 15 of salt are issued, and on the march, sugar, coffee, and \ litre of 
wine. 

In time of War {Moraehe). 



Total. 

Water. 

Albunil> 

nates. 

Fats. 

Starches. 

Meat (without bone), . 

8-40 

6*3 

1*26 

0-70 


Bread, .... 

35*30 

14*1 

2*82 

0*53 

17-25 

Or Biscuit, .... 

(26-60) 

. . . 




Dried Vegetables, 

2*12 


0*60 

... 

1*50 

Total, .... 

45*82 

20*4 

4*58 

1*23 

18-75 

Salt, 

Sugar, .... 

J oz. 
iVj> 

Total water-free food, 24*66 oz. 

Coffee, . . 

n 

TTft 






* As given by Moraehe, Traits d’Hygi^ne Militaire, 1874. 
+ 240 without bone~8*4 ounces. 
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4 

The sugar and coffee are sometimes replaced by 25 centilitres (9 ounces) of 
wine, or centilitres (2* * * § 2 ounces) of brandy. 


German Soldier,'*^ 

The soldier receives his pay every ten days — three times a-month ; it 
amounts "to three tlialers (or 9 shillings English) per month,! or 3 silber- 
grosclicn ( = 3 pence nearly) a day. Out of this he has to dcifray the cost of 
a warm dinner (“ menage ”) at the rate of 1 J silborgroschen ( == penny) ; 
and he also receives a mess contribution, varying according to the market 
prices of food. J 

Bre<(d. — In garrison, the daily ration of bread is 1 lb 12 loth§==24’67 
English ounces, and is issued in loaves for four days, weighing 98 '68 English 
ounces. On the march, in some fortresscjs, and to prisoner sentenced to hard 
labour, the larger bread ration of 1 tt) 26 loth = 32*93 English ounces, daily is 
issued. On the march, the aolilier, when quartered in private houses, gets 
his mess contribution deducted, but has the right to be supplied by his land- 
lord with 32*93 (English) oz. rye bread, 8*82 (English) oz. meat, vegetables, 
and salt, the hitter in suffi(jient quantity for two meals (dinner and supper). 
Soldiers in cantonments or bivouacs are provided with food from the stores, 
and their mess contribution is, of course, deducted. 

The rations in time of j)eace arc divided into the smaller and the larger 
victualling rations. 



Smaller liation, 
in ounces avoir. 

karger Uatton for Marches, <S(c., 
us suxipHcd from the 
Military Stores, in ounces avoir. 

Dread, . . , . . 

26-50 

26-50 

IMeat (raw),. .... 

6-00 

8-82 

Dice, ..... 

3-20 

4-22 

Or uiihusked Barley (Groats), . 

4-21 

5-28 

Or Peas or Beans, . 

8-22 

10-60 

Or Potatoeall 

53-08 

70-5 

Salt, ..... 

0-87 

0-87 

Coffee, ..... 

0-468 

0-468 


Troops, Avhen travelling on railway or on steamers, receive an additional 
pay of 2 1 silljergroschen ( = 3 pence) per man for refreshments. Should the 
travelling last longer than 16 hours, the additional pfiy is doubhul. 

In tiim of War , — The supply of rations for the Germans during the Erauco- 
German war was thus conducted : — 

1. During the marches in Gennany the men were billeted, and money was 
paid for their food, 

2. Supj)lies were drawn from the magazines. 

3. Supjdies were obhiined by requisition when the troops entered France. 
This last plan was a bad one, as was especially shown in the inarch to Sedan, 


* For tliisF information I have- to thank my friend Dr Roth, of the Pnissiari Army. 

! Laiice-coriiorals and privates which have engaged themselves to serve a longer term of 
years receive an additional pay — 1 thaler (3 shillings) i)er month, 

X In the new currency — 1 thaler 8 marks ; 1 mark «* 100 pfennings ; 1 silbergro8chcn=> 
10 pfennings. 

§ The Pnissian weights are now assimilated to the French ; the Pnissian pound is — i kilo- 
gramme or 500 grammes ; the loth =» 16-66 grammes or *5879 oz. avoir. 

i| 25 per cent, is lost in boiling and iieeling ; besides, smaller potatoes than the English kind 
are served out, occasioning still more waste. _ 
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where the Grermans passed over a country previously nearly exhausted by the 
Prenck The principal •defect was the great uncertainty and irregularity of 
the supplies ; some corps received too much, others too little, and the 
hospitals especially, which had not men to send out to get supplies, were par- 
ticularly badly off. The quality of the food was also often bad ; so that, as 
far as the health of the troops is concerned, the system of supplies by requisi- 
tion should be as little used as possible. It must be noted, however, hero, 
that the Germans did not pay rdSsdy money, which might, perhaps, have 
attracted better supplies than the system of written vouchers. The magazine 
supplies wore excellent, but occasionally failed in certain articles, as fresh 
moat, as a substitute for wliich the celebrated pea-sausage was issued. But it 
was found that if the pea-sausage was used too exclusively, the men disliked 
it. In fact, one of the greatest difficulties was the too great uniformity of 
the food. To do away with tibia, bacon, preserved and smoked meat, peas and 
white beans, and potatoes, when possible, were issued as a change of diet. 
Independent of these extra issues, the daily German ration was as follows, in 
English weights : — 



Bread, . 26 J ounces, or 

biscuit, 17 ounces. 

One 

r Fresh or salt meat, 

. 13 „ 

of - 

Salted beef or mutton. 

. 9 ounces, or 

these 

[ Bacon, .. . . - 

, 6f ounces. 


Bice, .... 

Barley or groats. 

• 4*4 „ 

One \ 

4-4 „ 

of \ 

Peas or beans, . 

8-8 „ 

these 1 

[ Flour, .... 

• 8’8 „ 


Potatoes, .... 

3-3 ft 


Salt, .... 

Coffee, .... 

*7 ounce. ^ 


. *7 ounce of unroasted, or 

1 ounce of roasted. 


The want of knowledge of cooking was very great, and also the addition 
of articles to give flavour, as vinegar and spices, would have been much jirized. 
Both strongly recommends the establishment of a school for cooking, like that 
at Aldershot. 

The bread, owing to the long time it was on transport, was sometimes 
mouldy. 


Austrian Soldier. {Kram, quoted hy Roth,) 
In time of Peacs (in ounces avoir.)* 



Total, 

Water. 

Nitrof'enous 

Fatty 

Starchy 


HubstanccH. 

substances. 

substances. 

Bread, 

31*00 

12*40 

2-47 

0*465 

16*26 

Meat (without bone), . 

6*60 

4*95 

0-99 

0*662 

Suet, 

0*62 

0-06 


0*665 


Flour of different grains | 
(or vegetables), . J 

2*48 

0-37 

0-27 

0*060 

1*75 


40-70 

17-78 

3*73 

1'642 

17-00 


Total solids (vrater-free food) =s 22*372. To this are added, garlic, onions, 
vinegar, and oz. of salt 


* The totals are taken from Eotb, but tlie constitnents are calculated from the table at page 
195. Both gives an average of nitrogenous substances 8-93, fat 2*016, and starch 16*4. 
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The amount is prelty good, but there is too great a preponderance of bread, 
and there is too great sameness. The fat is in too sniall a quantity ; the 
nitrogenous substances are too smalL 

In time of War , — ^It is difficult to calculate the daily ration, as there is a 
weekly issue of many substances. On four days, fresh pork is issued ; the 
total amount being 26 oz., or oz. daily. On one day, 6 oz. of salt pork ; 
on one day, 6 oz. of beef ; and on one day, 6 oz. of smoked bacon; altogether 
ill the week, 44 oz. of meat are issued; a(id in addition, 1 oz. of butter or fat. 

There are also issued per week : — 24^ oz. of biscuit, 147 oz. of flour for 
bread, 29J oz. of flour for cooking, 5| oz. of pickled cabbage (sour kraut), 9 
oz. of potatoes, 5^ oz. of pease, and 6 oz. of barley. 

Wine, brandy, and beer are also given. 


Bussian Soldieh.* 

There are 196 Meat days and 169 Faddaysin the year. 




Meat Days. 

Fast Days. 



Meat with Schtschi 
and Gruel, 

Schtschi and 
Gmel, 

Peas and Gruel, 
52 days. 



196 days. 

117 days. 

Meat, 


7 oz. Eng. 



Bread (Rye), 


42 „ 

42 oz. 

42 oz. 

Sour kraut (and sliced cabba^), • 

14*5 fl. oz. 

14-6 fl. oz. 

... 

Chervil {Gercfolium^ an 
herb, fresh), . 

aromatic | 

... 

1*1 oz. 

... 

Peas, .... 




2*33 fl. oz. 

Oats (unhusked), 




0*28 fl, oz. 

Flour, 


0*7 fl. oz. 

0*7 fl. oz. 


Onions, 

Popper, 


0*2 fl. oz. 


0‘5 fl. oz. 


3 gw- 

3 grs. 

Sgrs. 

Bay leaves, 

Vt^ge table oil, 


3 grs. 

8 grs. 

J fl. oz. 

3 gw. 

Watt!r, 


70 li. oz. 

70 fl. oz. 

70 IL oz. 

Butter, 



• • • 

. . . 

Ijard, 


»•# 



Salt, .... 


1*86 oz. 

1*86 oz. 

1*86 oz. 

Buckwheat, 


1-87 11. oz. 

1-87 11. oz. 

1*87 11. oz. 


On the march, If 5) biscuit (24^ English oz.) instead of broad. Brandy 
only on rare occasions, calculated at 135 fluid ounces per year (in 5 oz. rations). 

Sepoy Diet — ^Dr Godwin has calculated the diet of a Hindu, such as a 
Sepoy servant, to consist of 4'387 oz. of albuminates ; 1*278 oz. of fat ; 
18*584 oz. of carbo-hydrates ; and *64 oz. of salts — total water -free food, 
25*113 oz. It is thus a really better diet than that of the European soldier. 
The principal articles were — 24 oz. of attar (ground wheat), 4 oz. of dholl 
(pea), and 1 oz. of ghee (butter). In other eases rice is more or less sub- 
stituted for whe^t. The Hindu diet consists of wheat, or of some of the 
‘millets (cholum, raggee, cumboo — see Millets), rice, leguminosae {Gajamis 
iridicns)^ with green vegetables, oil, and spices. If any kind of diet of this 
sort has to be calculated, it can bo readily done by means of the analysis of 
tlie usual foods previously given. For example, a Hindu prisoner at labour 

* From Dr Oscar Heyfelder's The Russian Camp at Krasnoe Selo, German edition, 1868. 
The gruel is made of boiled buckwheat, &c. Schtschi is made of soup and sour kraut weU 
boiled together. The amount of bread seems large, but it may be watery. 
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in Bengal receives, under Dr Mouat's dietary,* the foHowing diet during his 
working days ; — 



Total. 

Water. 

Album. 

Fat. 

Starches. 

Salt. 


oz. 

oz. 

oz. 

oz. 

oz. 

oz. 

Rice 

20 

2 

1 

•16 

16-74 

•1 

Dholl (a pea; Cajanus 
indicu^, 


4*25 

*4 

•9 

•08 

2-76 

•12 

V egetables (reckoned as 
cabbage), 



6*46 

•12 

•03 

•34 

•04 

Oil, .... 

*33 

... 

• • • 

•33 

... 

... 

Salt 

•33 

... 


... 

... 

•33 

Spices, 

•33 



... 

... 

... 


In some Bengal prisons, 2 ounces of fish or flesh appear to he also given. 
In the Looshai expedition the Sepoys received — rice, 1 R) ; flour, 1 Ih ; ghee, 
2 oz. ; salt, 1‘5 oz.f The Jiutritivo value, if the ghee is calculated as butter, 
is 181 grains of nitrogen and 6160 of carbon, wliicli would appear to be a 
good diet in respect of carbon. Probably some peas were added. 


SECTIOI^^ III. 

CLOTHING OF SOLDIERS. 

The structure and examination of fabrics has been already given (page 423). 

Itiifjulaiions , — No specific instructions are laid down in the Medical Eegula- 
tions respecting cJothing, l)ut the spirit of the general sanitary rules necessarilj 
includes this subject also. When an aniiy takes the field, the Director- 
General is directed to issue a code for the guidance of medical officers, in 
wliich clothing is specifically mentioned ; and the siuiihiry officer with the 
force,* is ordered to give advice in writing to the commander of the forces, on 
the subject of clothing among other things. 

Formerly a certain sum, intended to pay for the clothing of the men, was 
allotted by Government to the colonels of regiments. This was a relic of the 
old system by which regiments were raised — viz., by permitting certain persons 
to enlist men, and assigning to them a sum of money for all expenses. The 
colonel ernidoyed a contractor to lind the clothes, and received from him the 
surplus of the money after all payments had been made. A disertitionary 
power rested with the service officers of the regiment, who could reject 
improper and insufficient clothing, and thus the interests of the soldier were 
in part i>rotected.J Tlie system was evidently radically had in principle, and, 
since the Crimean war, tlie Government has gradually taken this department 
into its own hands, and a large establishment has been formed at Pimlico, 
where the clothing for the army is now prcpircd. This system has worked 


* See Mouat’s elaborate report On the Diet of Bengal Prisoners, Government Return, 1860, 
p. 49. Tlie cliittack is reckoned as the bazaar cliittack — viz. = *1283 ft, or nearly 2 ounces 
avoir. Some useful infonnation on prison and coolie diets will be found in a memorandum 
prepared by Sui^-Major I. B. Lyon, F.C.S., Choniical Examiner to the Government at Bombay, 
May, 1877. 

t Indian Med. Gazette, March 1, 1872. 

j But this safeguavil was not sufheienL Officers are not judges of excellence of cloth ; for 
this it requires sjiecial training. As Robert Jackson said sixty years ago : “ Soldiers' clothing 
is inspected and iq>pioved by less competent judges than those who purchase for themselves.'^ 
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extremely well ; the materials have been both better and cheaper, and import- 
ant improvements have been and are still being introduced into the make of 
the garments, which cannot fail to increase the comfort and efficiency of the 
soldier. 

At the Pimlico dep6t the greatest care is taken to test all the materials and 
the making up of the articles ; the viewers are skilled persons, who are believed 
to be ill no way under the inliuenco of contractors. 

In January 1866 a warrant was issued* containing the regulations for the 
clothing of the army, and seveial circular^have been since promulgated. 

When a soldier enters the army ho is supplied with his kit ; some articles 
are subsequently supplied by Government, others he makes good' himself. 
In the infantry of the line a careful soldier can keep his kit in good order at 
a cost of about £l per annum. The following are the articles of tlie kit 
supplied to the infantry recruit : — 


Articles of the Kit (Infantry), 


1 Forage cap, 

1 Serge frock. 

1 Stock. 

2 Flannel shhts. f 

3 Pairs socks. 

1 Iiaj5or. 

Mitts. 

Knife, fork, and spoon. 
Sponge. 

Blacking (one tin). 


2 Towels. 

1 Kna])sack. 

2 Pairs boots. 

1 Pair braces. 

1 (^nib. 

1 Clothes brush. 

2 Shoe brushes. 

1 Shaving brush. 
1 Button stick. 

1 Hold-all. 


To the Army Hospital Coips and Artillery, a waterproof l)ag, for part of 
the kit, is also issued to each man. Squad bags are issued to infantry, four 
to each com])any, to hold the surplus kit. 

The kit is divided Queen^s Eegulations,” section 10, par. 608) into the 
suiqdus and the service kit. The former, consisting of 1 shell-jacket, 1 pair 
of socks, 1 shirt, 1 towel, 2 brushes, and such articles for the hold-all as are 
not wanted, is can*icd for the men. The service kit is supposed to ha carried 
by the man, either on his j^erson or in his knapsack (see Equipment). 

Certain articles are also issued free of expense at stated inteiwals. For the 
particulars of these, nJercjiice must be made to the Koyal AV^arrant of 1 866, 
where they are stated in detail The following are the articles issued to 
the line iAfantry soldier at homo : — 


One chaco and cover, ..... 

One tunic, ....... 

One pair cloth trousers, .... 

One pair serge trousers in lino regiments, or one 
pair tartan trousers in rillc regiments, > . 
Two pairs of boots, one on 1st April, and one 
on 1st October, ..... 

One silk sash for sergeants, .... 

One worsted sash for serjeants, 


Triennially. 

Annually. 

Annually. 

I Biennially. 

I Annually. 

Eveiy two years. 
Every two years. 


* Revised Royal Clothing Warrant, 1866 ; another Warrant was issued in 1873, referring 
chiefly to recruits, and again in 1877, in reference to issues in warm climates, 
t By a circular, iNovember 1866, flannel shirts only are ordered to be supplied to the recruit. 
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In India and the West Indies^ and other tropical stations^ light clothing of 
different kinds is used — drill trousers and calico jackets, or in India complete 
suits of the khakee, a native grey or dust-coloured cloth, or tunics of red serge, 
and very light clotL The kliakee is said not to wash well, and white drill is 
superseding it. The English dress is worn on certain occasions, or in certain 
stations. Formerly the home equipment was worn even in the south of India ; 
but now the dress is much better arranged, and also differences of costume for 
different places and different times of the year are being introduced. 

During Campaigns extra clothing is issued according to circumstances. In 
the Crimea the extra clothing was as follows for each man ; — 

2 Jersey frocks. 

2 Woollen drawers. 

2 Pairs woollen socks. 

2 Pairs woollen mitts. 


1 Cholera belt. 

1 Fur cap. 

1 Tweed lined coat. 
1 Comforter. 


To each regiment also a number of sheepskin coats was allowed for sentries. 
The warrant of 1865 orders the following articles of clothing to be issued 
to every 100 men proceeding on active service in cold, temperate, or hot 
climates : — 


1. In cold climates — 


Per 100 effectives. 


Sheepskin coats, ... 8 

Fur caps, . . . . .100 

Woollen comforters, . . .100 

Shirts, grey flannel, . . . 200 

Jerseys, blue, .... 100 


Boots, knee, brown leather, pairs, 100 


Per 100 effectives. 

Stocking, woollen, . pairs, 200 
Drawers, flannel, . . „ 200 

Cholera belts, flannel, . . 200 

Mittens, lined with lambskin 
or fur, . . .pairs, JOO 


2. In temperate climates — 

Shirts, flannel, of a light texture, 200 Waterproof capes, . . .10 

Cholei-a belts, when not included Watch coats, . ... 3 

in the voyage kit, . . . 200 


3. In tropical dimates — 

Shirts flannel, of lightest texture, 200 

Chaco covers, of white cotton, except in climates where the wicker ) 
helmet and “Puggaree” (turban) are to be worn, . . . j 

Forage-cap covers, of white cotton. . . . . . .100 

Frock coats, of red, green, or blue serge, when not supplied as ) 

ordinary clothing of these climates, r 

Cholera belts, of flannel, when not part of the sea kit, , . . 200 

Capes, waterproof, 10 


SECTION IV. 

ARTICLES OF CLOTHING. 

1. Underclothing^ viz., vests, drawers, shirts, stockings, flannel belts, &c. 
Tlie soldier, as a rule, wears as underclothing only a shirt and socks. He 
is obliged to have in his kit two shirta There has been much discussion as 
to the respective merits of cotton and flannel shirts. Almost all medical 
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officers prefer the ktter, but their cost, weight, difficulty of cleaning, and 
shrinking in washing, have been objections to its general adoption. Colonel 
A, Herbert solved the difficulty by issuing a shirt which is partly wool, partly 
cotton ; it is lighter and cheaper than wool, as durable as cotton, and does not 
shrink in washing. It is of soft even texture, and weighs 19 ounces. Under 
the microscope, I counted from 45 to 47 per cent, of wool 

In time of war, shirts may bo partially cleaned in this way : Tlie soldier 
should wear one and carry one ; every night he should change ; liang up the 
one he takes off to dry, and in the morning beat it out and shake it tlioroughly. 
In this way much dirt is got rid of. Ho should then carry this shirt in his 
pack during the day, and substitute it for the other at night. If in addition 
great care is taken to have washing parades as often as possible, the difficulty 
of cleaning would be avoided. 

For hot countries, the common English flannels are much too thick and 
irritating ; flannel must bo exceedingly fine, or what is 2 )er]iaps better, merino 
hosiery, which contains from 20 to 50 per cent, of cotton, could be used. 
Tlie best writers'*^on the hygiene of the tropics (Chevers, Jeffreys, Moore) 
have all recommended flannel 

The soldier wears no drawers, but in reality it is just as important to cover 
the legs, thighs, and hips with flannel as the upper part of the body. 
Drawers folding well over the abdomen form, with the long shirt, a double 
fold of flannel over that important part, and the necessity of cholera belts or 
kummerbunds is avoided. Cholera belts are made of flannel, and fold twice 
over the abdomen. 

The soldiers’ socks are of cotton ; it would be desirable to have them either 
all of wool, or half cotton half wool ; they should be well shrunken before 
b(^ng fitted on. It has been proposed to divide the toes, but this seems an 
unnecessary refinement. It has been also proposed to do away witli stockings 
altogether, but with the system of wearing shoes, it is difficult to keej^ the 
feet perfectly clean. The boots get impregnated with perspiration. Some of 
the German troops, instead of stockings, fold pieces of calico acr(xss the foot 
when marching ; when carefully done, this is comfortable, but not, I believe, 
really better than a good sock ke^t clean. 

2. Outer OarrnentH . — The clothes worn by the different arms of the service, 
and by different regiments in the same branch, are so numerous and diverse, 
that it is impossible to describe' them. In many cases taste, or 2 )arade, or 
fantasy simply, has dictated the shape or the material And diversities of 
this kind are especially noticeable in times of peace. When war comes with 
its rude touch, everything which is not useful disappears. What can be 
easiest borne, what gives the most comfort and the greatest protection, is soon 
found out. The arts of the tailor and the orders of the martinet are alike 
disregarded, and men instinctively return to what is at the same time most 
simple and most useful It will be admitted that the soldier intended for 
war should bo always dressed as if he were to be called upon the next moment 
to take the field. Everything should bo as simple^ and effective as j^ossible ; 
utility, comfort, durability, and facility of repair, are the piincijdes which 
should regulate all else. The dress should not be encumbered by a single 
ornament, or embarrassed by a single contrivance which lias not its use. 
Elegant it may be, and should bo, for the useful does not exclude, indeed 
often implies, the beautiful, but to the eye of the soldier it can be beautiful 
only when it is effective.* 


* La tenuc, dans laquelle lo militaire est prdt & marcher a renuemi, est tonjours belle. 
(Vaidy). ^ 
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Head-Dretss, — The head-dress is used for protection {^inst cold, wet, heat, 
and light. It must be comfortable ; as light as is consistent with durability ; 
not press on the head, and not to be too close to the hair \ it should permit 
some movement of air over the head, and therefore openings, not admitting 
rain, must be made ; it should present as little surface as possible to the 
wind, so tliat in rapid mov.emonts it may meet the least amount of resistance. 
In some cases it must be rendered strong for defence ; but the conditions of 
modern war are rendering this less necessary. 

As it is of great importance to rcducci all the dress of the soldier to the 
smallest weight and bulk, it seems desirable to give only one head-dress, 
instead of two, as at present. Komembering the conditions of his life, his 
exposure, and his night work, the soldier’s head-dress should be adapttid for 
sleeping in as well as for common day-work. Another point was brought 
into notice by the Crimean war ; in all articles of clothing, it much facilitates 
production, lessens expense, and aids distribution, if the dilferent articles of 
clothing for an army are as much alike as possible ; oven for the infantiy, it 
was found difficult to keej) up the proper distribution of the different insignLa 
of regiments. 

IIefid-Dr('4is of the Infantry, — The prcisent head-dresses are the bearskin caps 
for the Guards, a smaller and rather lower kind for Pusilicrs, busbies for the 
Foot Artillery, Engineers, and liifles, the Highland bonnets and shakos* for the 
Lino, and fomge caps made of cloth for JilL The bearskin weighs 37 ounces ; 
the Engineers’ busby, 13| ounces; the Infantry shako, 9f ounces. It is for 
the professional sohiior to decide if the rapid mov(jments and the necessity of 
cover in modem war are compatible with the retention of the bearskin or tall 
busby. If not, I believe no one would wish to retain them on sanitaiy 
grounds ; tiny are heavy, hot, give little shelter from rain, and oppose a Ijirge 
surface to the wind. 

The jiresent shako (now about to be discontinued) is the best that has been 
issiuid ; it is made of two pieces of waterj^roof cloth, sown together by the 
sewing-machine ; its shape is sliglitly conical ; its height is 4 inches in 
front, behind ; weight, ounces, including the ball and brass plate, 
which weigh If ounce. The oilskin cover weighs in addition 1^ ounce. 
The peak is horizontal, and measures 2J inches. There is no rim behind to 
direct off the rain, but the lower edge of the cap comes well down over tlie 
head. 

Tile Glengarry Scotch cap, with a peak and a waterproof falling flap behind, 
and with ear-flaps, to be put down in case of min, or in slcjeping out at night, 
has tliese great advantage's. It is very soft and comfortable, presses nowhere 
on the head, has sufficient height above the hair, and can be ventilated by 
openings if desired ; it cannot be blown off’ ; it can be carried at the top of 
the head when desired in hot weather, or pulled down completely over the 
forehead and ears in cold ; 'with a large flap behind, and ear-flaps, its makes 
what the soldier 'wants, a comfortable night-cap, sheltering the back and sides 
of the neck as well as the head. It is also both an elegant and a national 
head-dress. Divested of the sho'wy but objectionable feather, which has been 
foisted in the Highland regiments on the original bonnet, it would he the 
best head-dress ■ in any amiy for temperate and subtropical climates. It 
has now been introduced for forage caps by Colonel Herbert; and there 
can be no doubt that, if a good waterproof cover with flaps is added for 
active service, it will bo the only head-dress used in war. Unfortunately, 


‘ The shako is now being replaced by a helmet with a spike, on the German pattern. 
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either to save cloth or frftm some idea of smartness, it is now being made so 
small that its advantages are imperilled, as it cannot be drawn down over the 
head. 

The peak of the shako in the English army was worn quite horizontally 
about forty years ago ; it was then made almost vertical, and is now horizon- 
tal agmn. It is perhaps now too horizontal, as it jdoes not shade the eyes at 
aU when the sun is low ; a moderate curve would be better. 

Head-Dress of the Cavalry , — The Horse Artillery and Cavalry cairy helmets 
and caps of different kinds. 

The shape of the helmet in the Guards and heavy dragoons is excellent. 
It is not top-heavy ; offers little surface to the wind ; and has sufficient but 
not excessive height above the head. The material, however, is objectionable. 
The metal intended for defence makes the hebnet very hot and heavy \ and 
the helmet of the Cavalry of the Guard weighs 65 ounces avoir. ; that of the 
Dragoon Guards, 39 ounces (in 1868). But as every ounce of unnecessary 
weight is additional unnecessary work thrown on the man and his horse, it is 
very questionable whether more is not lost than is gained by the great weight 
caused by the metaL Leather is now often substituted in some armies, wiiere 
the cavalry helmets are being made extremely light. 

The Lancer cap weighs 34^ ounces ; the Hussar, 29f ounces. Both are 
dresses of fantasy. The Lancer cap, except for its weight, is the better of the 
two \ is more comfortable \ shades the eyes ; throws off tiie rain better ; and 
oilers less resistance to moving air than the Hussar cap. 

The undiess or forage cap of all corps is a cloth cap, with or without a 
peak, and varying in shape and kind, according to the regiment, and weigliing 
about 5 ounces. 

In Canada, a fur cap is used, with flaps for the ears and sides of the face 
and'^tjck. 

In India, many contrivances have been used. Up to the year 1842 little 
attention seems to have been paid to the head-dress of the infantry, and the 
men commonly wore their European forage caps. In 1842 Lord Hardinge 
issued an order, that wliite cotton covers should be worn over all caps ; sub- 
sequently, a flap to fall down over the back of the neck was added. The 
effect of the cotton cover is to reduce the temperature of the air in the cap 
about 4“ to T Fahr. Although a groat improvement, it is not suffiedent. 

Afterwards other plans came into use. Pith and bamboo wicker helmets, 
covered with cotton, have been much used j especially the latter, which are 
very light, durable, not easily put out of shape, and cheap. The rim should 
not be horizontal, but inclined, so as to protect from the level rays of the sun. 
The pith, or “ Sola ” hats, appear to be decidedly inferior to the 'wicker 
helmets ; and men have had sun-stroke while wearing them. 

The turban has never been much worn in India by the English. It 
requires some time and care to put on ; and if not weU arranged, is hotter 
than the wicker helmet. 

In the French infantry the shako is now made of leather and pasteboard, 
and is divested of all unnecessary ornament, so as to bo as light as it can be. 
It comes well back on the head, being prolonged, as it were, over the 
occipital protuberance. 

In Algeria, the Zouaves, Spahis, and Tirailleurs wear the red fez, covered 
with a turban of cotton. In Cochin-China, the French have adopted the 
bamboo wicker helmet of the English. 

Tlie natural hair of the head is a very great protection against heat. 
Various customs prevail in the East. Some nations shave the head, and 
wear a large turban ; others, like the Burmese, wear the hair long, twist it 
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into a knot at the top of the head, and face the sun with scarcely any tiuhan. 
The Chinaman’s tail is a mere mark of conquest. The European in India 
generally has the hair cut short, on account of cleanliness and dust, A small 
wet handkerchief, or piece of calico, carried in a cap with good ventilation, 
may he used with advantage j and especially in a hot land-wind cools the head 
greatly. 

Cravat or Neckdotli , — FeW things have given rise to more controversy than 
the question of the utility of the English soldier’s stiff stock. In the days 
when the stock was at its worst, it was composed of extremely stiff leather, so 
hard and firm that it was impossible to bend the neck. It rubbed a^inst 
and irritated the submaxillary glands, and was so uncomfortable that it was 
months before recruits could wear it with ease. Kecruits were sometimes 
made to sleep in it, in order to accustom them to it more quickly. Of late 
years the stock has been made lower, and more flexible ; and this modified 
stock is still worn in England, though it is now quite discarded in India, 
where a thin handkerchief takes its place. 

It certainly seems wonderful that an appan^tus of this kind should have 
found defenders ; for it was not merely uncomfortable, and somewhat 
impeded the return of blood through the external juguhirs, and hindered the 
action of some of the accessory muscles of respiration, but also (what would 
bo more perceptible to soldiers) rendered impossible the bending and varying 
attitudes of the neck, which occur when a man makes a strong exertion. For 
great exertion with the upper extremities cannot be made if the clavicles and 
scapuLi are not rigidly fixed ; and they cannot be fixed unless the lujck can 
easily bend. On every account, physiological and mechanical, the neck 
should be left bare, or be protected without any pressure. Nor is there any 
medical reason why it should not be left bare. Like the face, the neck soon 
gets accustomed to exposure ; and besides, if we let Nature follow her ot,'n 
course, there is the beard to shelter important parta 

If the neck is covered at all, it should be with a very thin and supple 
cloth. The collar of the coat should bo made low and loose, so as to give foil 
freedom to every moment of the neck, and not to compress the root of the 
neck in the slightest degree.* 

In Algeria the French troops have long worn a thin cravat of cotton ; and 
a decree of NIarch 1860 extended its use to all the corps of infantry. 

Coat, Tunic, Shell- Jacket, — The varieties of the coat are veiy numerous 
in the army ; and there are undress and stable suits of different kinds. The 
infantry now wear the tunic, which is a great improvement over the old cut- 
away coatee. It is still, however, too tight, and made too scanty over the 
hips and across the abdomen. A good tunic should have a low collar, and be 
loose round the neck, over the shoulders (so as to allow the deltoid and 
latissimus the most unrestricted play),t and across the chest. It should come 
well across the abdomen, so as to guard it completely from cold and rain ; 
descending loosely over the hips, it should fall as low over the thighs as is 
consistent with kneeling in rifle practice, z>., as low as it can fall without 
touching the ground. Looking not only to the comfort of the soldier, but to 
the work and force required of him, it is a great mistake to have the tunic 
otherwise than exceedingly loosa A loose tunic, a blouse in fact, is in reality 


* Mr Myers of the Coldstreani Guards, has dii^cted special attention to this and other points 
connected with the stiff dreiss, especially with the tight tunic and collar. He even thinks the 
present stock woree than the old very stiff high one, which, if it he pressed ou the cliin, was so 
stiff that it was loose about the neck. 

+ This cannot occur if epaulets are worn ; and it is to be hoped nothing will ever occur to 
bring in again the use of these so-called ornaments* 
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a moie soldier-like dresrf than the tight garment, which every one sees must 
nress upon and hinder the rapid action of muscles. The tunic should ho well 
provid^ with pockets, not only behind, hut on the sides and in front ; the 
^ckets being internal, and made of a very strong hmng. In time of war, a 
soldier haTkany things to carry ; food, extra ammumtion sometimes, all 
sorts of little comforts, which pack away easily in pockets. If me appearance 
is objected to, they need not to be used in time of peace , but with a loose 

dress, they would not be seen. , -rr ^ i. rrn. u i n • i 

A great improvement was made, by Colonel Herbert. The old shell-jacket 

was done away with, and a loose frock substituted. As this is sure to 
become the working dress, and the tunic will be kept for parades merely, the 
soldier will have the great advantage of a loose dresa 

In India the tunic is made loose, and of thin material , ^ , , 

Waistco(d8. — No waistcoats are worn in the British army, but they ought 
to be introduced.* A long waistcoat with arms is one of the most useful of 
garments ; it can be used witliout the tunic when the men are in barracks or 
on common drill. Put on under the tunic, it is one of the best protections 
against cold. At present the men are obliged to wear tight coats, and having 
imthin<r under them, line them with flannel and wadding. In winter and 
sumniCT they often wear the same dress, although the opprassion in the 
summer is very great. If the tunic were made very loose of some light 
material, and if a good short Jersey or Guernsey frock were allowed to be 
worn at the option of the men, the men would have cool dresses in slimmer, 
warm in winter, and the thin tunic would be more comfortable in tlie 

Mediterranean and subtropical stations. , , . -u i 

Tromem Fonnerly the army wore breeches and leggings ; but shortly 

before or during the Peninsular war trousers wore introduced. The mcroiisod 
coAfort to the soldier is said to have been remarkable ; the trouser, indeed, 
protecting the leg quite down to tlie ankle, seems to be as good a dress as can 
be devised, if it is made on proper principle^ vm, very loose over the hips 
and knees, and gathered in at the ankle so that merely sufficient opemng is 
left to pass the foot througL The much-laughed-at pegtop trousers seem to 
be in Lt. the proper shape. In this way the whole leg is protected, and 
the increased wSgllt given by the part of the trousers below the knee is a 

“‘Se taoTsera’^STipported either by braces or a belt. If the latter be 
used, it should be part of the trousers, sho^d fit just over tlie hip, and not 
go r^und the waist It must be tight, and has one disadvantage which is, 
Lat in great exertion the perspiration flowing down from above collects theie, 
as the ti^t belt hinders its descent ; also, if heavy articles are earned in the 
pocket, too weight may be too great for the belt Braces seem, on the whole, 

%ra“ters should be made with large pockets, on toe principle of giving 
toe men as much convenience as possible of calling articles “ 

In India, trousers are made in the same fashion ^ at home, but of drill or 
khakee cloth, or thin serge— an exceUent material, especially for the northern 

and (Taifers.— Formerly long l^gings reaching oyer toe knees, and 
madfof half-tanned leather, were used. They appear not to have been con- 
SdLd comfortable, and were discarded about sixty ye^ ajp. Short gaiters 
were subsequently used for some time, but were finaUy g iven up, and for 

* A waistcoat was introduced a short time ago, hut has since been unfortunately with- 
drawn again. 
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several years nothing of the kind was worn. After the Crimean war Lord 
Herbert introduced for the infantry short leather leggings, 6 inches in height, 
and buttoning on the outside. These were not of good length or shape, and 
have now been superseded by legguigs which come more up to the knee, and 
are much more serviceable. 

In some of the French regiments a gaiter of half-dressed hide comes up to 
just below the knee ; short calico or linen gaiters arc worn by other corps ; a 
tlap comes forward over the instep. The calico gaiters have been much 
pmised, but they soon get saturated with perspimtion, thickened in ridges, and 
sometimes in*itate the skin. On the other hand, leather gaiters, if not made 
of good leather, lose their suppleness, and press on the ankles and instep. 

A great advantage of gaiters and leggings is, that at the en<l of a march 
they can be at once removed and cleaned ; but, on the whole, if suitable leather 
could be fixed at the bottom of trousers, it seems to me they might be 
abandoned. • ' 

Shoe.^' and Bootsj ^ — In the action of walking the foot expands in length and 
breadth j in length often as much as yV^h, in breadth even more. In 
choosing shoes this must be attended to. The shoemaker mefisures when the 
person is sitting, and as a rule allows only increase for walking. Ankle 
boots, w(ughing 40 to 42 ounces, are now worn by the infantry ; the cavalry 
have Wellingtons and- j'cickboots. The jackboots of the Life Guards weigh 
(with spui^) 100 ounces avoir. Shoes cannot be worn without gaiters. 
Ankle boots are preferable ; in the English army they are now made to lace, 
and are fitted with a good tongue. Great attention is now paid at Pimlico to 
the shape and make of the boot, and the principles laid down by Camper, 
Meyer, and others, are carefully attended to. There are eight size.s of length 
and four of breadth, making thirty-two sizes in alL Tlie boots are made right 
and left. , The heel is made very low and broad, so that the weight is not 
thrown on the to(?s, the gastrocnemii and solei can act, which they cannot do 
well with a high heel, and there is a good base for the column which forms 
the line from the centre of gravity, and the centre of gravity is kept low ; the 
inner line of the ]) 00 t is made straight, so as not to push outwards the groat 
to(} in the least degi’ee, and there is a bidging over the root of th(j great toe to 
allow easy play for the large joint. Across the tread and toes the foot is made 
veiy broad, so that the lateral expansion may not be impeded ; the toes are 
broad. Great care is taken in the inspection of the boots, the order of inspec- 
tion being — The proof of the size, which is done by standard measure ; 
2cZ, The excellence of the leather, which is judged of by inspection of each 
boot, and by selecting a certain number from each lot furnished by a con- 
tractor, and cutting them up ; if anything wrong is found, the whole lot is 
rejected ; 3r;Z, The goodness of the sewing ; there must be a certain number of 
stitches per inch (not less than eight for the upper leathers), a certain thickness 
of thread, and the tliread must bo well waxed. The giving up of boots is 
generally owing to the shoemaker using a large awl, and thin unwaxed thread, 
with as few stitches as possible j the work is thus easier to him, but the thread 
soon rots. 

The Germans are now introducing a long boot, with a slit down the centre ; 
it can be worn under the trousers, or at pleasure outside, as the slit opens, and 
can then bo laced. A somewhat similar boot has been invented by Major 
Sir W. Palliser. 

Considering the great injury inflicted on the foot by tight and ill-made 
boots, by which the toes are often distorted and made to override, and the 
great toe is even dislocated and anchylosed, it is plain that the increased atten- 
tion lately excited on this point is not unnecessary. The compression of 
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children’s foot by the tight leather shoes now made is extremely cruel and 
injurious. It may, indeed, be asserted that the child’s foot would be better 
if left altogether unclothed, and certainly we see no feet so well modelled as 
the children of the poor, who run about shoeless. In the case of the soLiier, 
too, wlio has in many campaigns been left shoeless, and has greatly suffered 
therefrom, it is a question whether he should not be trained to go barefooted. 
The feet soon get hard and callous to blows, and cleanliness is really promoted 
by having the feet uncovered, and by the frequent washings the practice 
renders necessary. After being unworn for some timef, slices that previously 
litted will be found too small, on account of the greater expansion of the foo^ 
and this is itself an argument against the shoe as commonly w'orn. 

The sandal in all hot countries is much better than the shoe, and there is 
no reason why it should not be used in India for the English soldiers as it is 
by the native ; the foot is cooler, and will be more frequently washed. , For all 
native troops, negroes, &c., the sandal should be used, and the boot altogether 
avoided. In campaigns it is most important to have large stores of boots at 
various points, so that fresh boots may be frequently issued, and worn ones 
sent back for repair. Soldiers ought to be trained to repair their own boota* * * § 

Greatcoat and Cloak . — In the cavalry, cloaks, with capes which can bo 
detached, are carried. They are large, so as to cover a good deal of the horse, 
and are made of good cloth ; the weight is about 5 ft) to 6 lb for the cloak, 
and 2^ ft) to 3 ft) for the capo. The infantry wear greatcoats weighing from 
5 ft) to 6 Ib.f They are now made of extremely good cloth, are double-breasted, 
and are as long as can be managed. They are not provided with pockets at 
the back, which is a serious omission, and they also should have loops, so that 
the flaps may bo turned ba(jk if desired. They are too heavy, aiid absorb a 
groat deal of wet, so that they dry slowly. CJonoral Eyre’s Committee on 
Equipments recommended a lighter greatcoat, and in addition a good water- 
proof cape. The suggestion seems to be a very good one.J A hood might 
also ho added with advi'intage. In countries with cold winds they are a groat 
comfort. Or the Eussian bashlik might he introduced ; it is a most useful 
covering for cold and windy countries. 

The greatcoat is perhaps the most important aiticlo of dress for the soldier. 
With a good greatcoat, Eobci*t Jackson thought it might be possible to do 
away with tbe blanket in war, and if india-rubber sheets were used this is 
jierhaps possible. In the Italian war of 1859, the French troops left their 
tunics at homo, and campaigned in their greatcoats, which were worn open on 
the marcL§ 

In countries liable to great vicissitudes of temperature, and to sudden cold 
■winds, as the hilly parts of Greece, Turkey, Affghanistan, &c., a loose, warm 

* It may he worth while to give a receipt for mnking hoots impermeable to wet. I have tried 
the following and found it effectual : — Take half a pound of shoemaker’s dubbing, half a pint 
of linseed oil, half a pint of solution of india-rubber (price 3s. per gallon). Dissolve with gentle 
heat (it is very inflammable), and rub on the boots. This will last for five or six mouths ; but 
it is well to renew it every three months. At a small expense the boots of a whole regiment 
could be thus made impermeable to wet. Army Circular, clause, 66, 1875, directs — 1, That 
boots are to l»e blackened with three c'oats of onlinary blacking, instead of other substances. 

2. Boots or shoes in store are to be dubbed, or have neat’s-foot oil applied to uppers, at least, 
once in four months. « 

f I weighed three — one large size, one medium, and one small ; the weights were 6 lb 3 
ounces, 5 m 9 ounces, and 5 lb 8 ounces. 

X Clause 155, 1876, of Army Circulars directs the issue of a water-proof coat for certain 
duties. 

§ Cloth may be made waterproof by the following simple plan Make a weak solution of 
glue, and while it is hot atld alum in the pi-oportion of one ounce to two quarts ; as soon as the 
alum is dissolved, and while the solution is hot, brush it well over the surface of the cloth, and 
then div. It is said that the addition of two drachms of sulphate of copper is an improvement. 

2 O 
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cloak, whicb. can be worn open or folded, is used by the inhabitants, and should 
be imitated in campaigns. It is worthy of remark, that in most of these 
countries, though the sun may be extremely hot, the clotlies are very warm. 

In very cold countries, sheepskin and buffalo-hide coats, especially the 
former, are very usefuL No wind can blow tlirough them ; .in the coldest 
night of their rigorous winter the Anatolian shepherds lie out in their sheep- 
skin coat and hood without injury, though unprotected men are frozen to 
death. In Bulgaria, the Crimea, and other countries exposed to tlie pitiless 
winds from Siberia, and the steppes of Tartary, nothing can be better than 
coats like these.* 


SECTION V. 

WEIGHTS OF THE ARTICLES OF DRESS AND OF THE ACCOUTRE- 
MENTS, AND ON THE MODES OF CARRYING THE WEIGHTS. 

Tlio following tal)les give the weights of jxll the articles used by a Heavy 
(.^avalry Re^d^uont, an Hussar Regiment, and the Infantry of the Line. The 
weights carried by the Artillery are much the same as those of the Cavalry. 
'J’lio 'weigh ts of the helmets and jackboots of the Life and Horse Guards have 
been already inentioued. Thecuiinss weighs 10 lb 12 oz. ; it rests a little on 
the sacrum and liip, and in that way is more easily borne by the man. With 
tliese exceptions, the weights may be coiisidcrcid nearly the same as those of 
the heavy dragoons. 

CWALUY. 

The 'weight of the accoutrements and (5qnipment is in great part carried by 
tlio horse. Tlie cloak, wlien not worn, is carried in a roll over the should^, 
or sometimes round the neck, or in front on the liorse. 


Private in Qth Drufjoon Gufxrdh\- 

. Articles, 

Carbine, .... 

S\vonl-lj(jlt and sword, 

Foucb-b(‘lt and pouch, 

Cloak and cape, 

^"alise coinplettdy packed, 

S:iddle coniplcie, 


Man’s clothing (which includes 
a complete stst of undercloth- 
ing, helmet without plume, 
tunifjs, pants, haversack, gaunt- 
lets, knee-boots, and spin’s,) 


-Wcvjhts ill MaTchlivj Order (Jan. 1872). 


Carry forward, 


Xo. Artiflea. 

1 Tunic, 

I Busby, plume, and lines, 

1 Fair leather overalls and strap 
1 Pair cloth do. do., 

1 Stable-jacket, 


Curry forward, 


lb. 

6 

oz. 

8 

Articles. 

Brought forwanl. 

lb. 

. 112 

0/. 

0 

5 

8 

Blanket, .... 

4 

4 

1 

8 

Heel Ropes, 

1 

8 

10 

8 

» 

2 

2 

15 

0 

Shackles, 

0 

10 

'17 

8 

Collar Sliank, . 

0 

13 


8 

Wellington boots and spurs, 

2 

10 




123 

15 

- 17 

0 

Average weight of man (naked), 161 

0 



Total, 

. 284 

15 

112 

0 

Or 20 stone and D lb (nearb’^). 


Neeefsmries, lOt/i Royal 

s (1869).t 

lb. 

oz. 

No. ’ Articles. 

Ih. 

oz. 

. 3 

0 

Brought forward. 

. 12 

lOJ 

. 1 

in 

1 Forage-cap, . 

. 0 

6 

s, 3 

6 

1 Valise, .... 

2 

7 

2 

! 1 

n 

16i 

1 Cloak, 5 lb oz. ; capo, 

lb 6 oz., 



. 12 

lOJ 


23 

51 


♦ Sheep-akin bags with the wool inside, were much used by the French troops during the 
defence of Paris, in the winter of 1870-71. 

+ Since this date, the only change is the substitution of long hoots for booted overalls ; but 
it is uncertain if this change will be permanent. 



EQUIPMENTS. 


57y 


Weight of Men's Clothes j Necessaries^ lOth Royal Hussars — continued. 


No. 


Articles. 


lb. 


Brought forward, 

23 

6i 

1 Pair boots, . . . . 

3 

Oi 

1 ,, spurs, . 

0 

H 

1 ,, highlows. 

3 

8 

1 Stable bag, . 

0 

8 

1 Pair braces, . 

0 

8| 

1 Button-brusli, 

0 

li 

1 Cloth „ . 

0 

34 

1 Hair . 

0 

23 

1 Brass . 

0 

2| 

1 Lace . 

0 

1 

1 Shaving . 

0 

a 

2 Shoe . 

0 

74 

1 Tin blacking, 

0 

44 

1 Hair-comb, 

0 

04 

2 I’airs drawers, each 13f oz., 

1 

114 

2 Pairs gloves, each 71 oz., . 

0 

144 

Or 2 ,, cotton socks, each) 


Q ' 

sock 21 oz., . . ) 

u 

(7 

Cany forward, 

35 

83 

Weight of Saddlery^ 

Articles. 

n>. 

OZ. 


No. Articles. lb. oz- 

Brought forward, 35 8J 

4 Brass paste, . . ' . 0 3^ 

1 Hold-all 0 4 

1 Horse-rubber, . . . 0 11 

1 Knife, fork, and spoon, .0 4^ 

1 Pipe-clay and sponge, . 0 2 

1 Eazor, . . . .0 2^ 

3 Shirts, each 14 i-oz., . .2 11 J 

1 Button brass, , . .0 1 J 

1 Stock, . . . '.0 

2 Towels, 7J oz. each, . . 0^ 15 J 

1 Stable trousers, . . .1* 5 

2 Flannel jackets, each 11 oz., 1 0 

1 Oil tin, . . . . 0 24 

1 Pair foot-straps, , .0 04 

1 Mess-tin ami strap, . .1 1 4 

1 Account-book, . . .0 14 


Saddle-tree, . 

„ seat, . 

Pair flaps, 

,, paiinels, 

Oirth-tub, 

Girth-leather, 
itirrup-irous, 

,, leathers, 
Crupper, . 

Breastplate, . 

Surcingle, 

Set of baggage-straps, 

, , cloak-straps. 

Pair wallets, . 

Pair shoe-eases and stniii 
4 Horse shoes and nails. 
New carbine bucket, 
Bridle-bit aud head-stall 
Bridoon-bit and reins. 
Curb-chain, 

Bit-reins, 

Head-collar, 
Collar-chain, 

Sheepskin, 

Carry forward, 


0 

1 

2 

4 

0 

1 

1 

1 


54 

64 
84 
64 
64 

n 
114 
34 

0 144 

1 4i 

0 15 

0 9J 
0 

1 
1 
4 

Q 


94 

144 

4 

9 

134 

2 

2 

3i 


0 104 


114 

124 

4 


45 13J 


Articles. 

Brought forwar»], 
Shabraque, 

Numnah, 

Corn-sack, 

Nose-bag, 

Horse-brush, 

Curry-comb, 

Snongfi, 

Hoof-picker, 

Scissors, 

Horse-log, 

Haversack, 

Carbine, 

Pouch- belt, 1 1 4 oz. 

Pouch, 124 oz. 

20 rounds ammunition, 324 oz. 
AVaist-belt, &c., 1 lb 1 oz., 
Sabretash and slings, 1 lb 5^ oz. 
Sword, 4 lb 10 oz., 


AV'eight of equipment^ 121 


all his equipments, 


45 


ITj. 

oz. 

45 

1?>;] 

4 

Gh 

2 

11} 

1 

114 

1 

14 

0 

11 

0 

11 

0 

2 

0 

13 

0 

84 

1 

84 

0 

9 

0 

9 

3 

Si 

7 

04 

76 

73 

121 


259 


or 184 

st. 


Infantkv. 


The articles of the infantry soldiers’ kit have been alrr^ady noted. Tlio kit 
is divided into the service and the surplus kit, tlie latter being always carricxl 
for, and not by, the man. The service kit consists of tho clothes ho wears, 
and of some duplicate articles and other nocessaries. 

These articles consist of one shirt (12 ounces in weight if of cotton, 19 

* Averasre weight aud height of the men in these two cavalry regiments— 

^ ITuight. Weight (naked). 

ft. In. •' Ib. . oz. 

5 94 161 0 

5 71 137 11 


5th Dragoon Guards, . 
10th liussars, 
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ounces if of flannel), pair of socks (4 oz.), pair of trousers (23 or 32 oz., accord- 
ing to kind), pair of boots (42 oz.), towel (8 oz.), bold-all, and knife, fork, and 
spoon (2|f oz.), 2 brashes (6 oz.), tin of blacking (6J oz.), forage cap (4 oz.). 

It is not possible to state accurately the weights of all the articles of kit and 
equipment, as some are now being altered, but the following table is fairly 
correct : — 

Average weight in 
*lb8. and ounces, 
lbs. oz. 

I 10 0 

7 3 

5 S 

I 5 10 

^ 0 8 

1 9 

I IG 8 

2 9 

49 7 

In war, food and a blanket would be also carried, adding from 6 to 8 5) to 
the weight. By omitting 40 rounds of ammunition and one pouch, the weight 
(if the peace equipment is lessened to 40 B) ; and if the canteen were only 
carried when it was wanted, the weight would bo under 39 lb. If the great- 
coat with the cape could be reduced to 6 ft>, and the summer trousers and the 
boots were left out of the valise, the weight would be reduced below 35 B), 
and still the s(ddier would have really everything necessary for his comfort. 

Some experienced officers, however, consider it essential that the second 
pair of boots should be always carried by the soldier. No doubt a man 
should have a second pair of boots, and there may be cii*cumstanc(3s in periods 
of peace when he might desire to have them with him ; but surely there is no 
necessity for him to carry, as he does now, even if he only goes on guard on a 
fine day, a pair of boots which he never puts on. It might be left to his dis- 
cretion to carry his extra boots, and it is pretty certain he will take tliem when 
they add to his comfort. So also with the second pair of trousers ,* why 
slioidd they bo constantly carried when they are scarcely ever wanted ? 

In time of war it is most important to have the soldier as little weighted as 
possible. The long and rapid marches which have so often decided wars have 
never been made by heavily laden men. The health also suffers. It is of 
national importance that the soldier should bo as healthy and as efficient as 
possible, as tlie fate of a nation may be staked on the prowess of its army. 
The line which the weight of his necessaries should not exceed should be 
dra\vn with the utmost care ; if his health suffers more by carrying some extra 
pounds of weight than it benefits by the comfort the articles give, why load 
him to his certain loss ? llie overdoing the necessaries of the soldier has 
always been a fault in our army ; Itobert Jackson noticed it seventy years ago. 
“ It IS a mistake,” he says, “ to multiply the equipment of the soldier with a 
view of adding to his comfort” 

There are certain articles of material comfort to a man on service in a cold 
or wet countiy, and I believe some alteration in the present arrangement 
would be desirable. I venture to propose, therefore, some slight changea 
The greatcoat, blanket, and a waterproof sheet (or portion of a shelter-tent), 
to keep both the coat and blanket ainl the man himself dry, are articles of the 
utmost importance ; there is scarcely anything that a soldier might not dis- 


Weiglit of clothes on person, including shako, winter trousers, 
and leggings, ......... 

Personal necessaries, viz., service kit in valise, .... 

Greatcoat, 

Valise equipment for caiTying necessaries, greatcoat, and arma- 
ment, viz., valise, two pouches, ball-bag, suspenders, waist- 

belt, frog, coat-stiupa, 

Haversack, 

Canteen, 

Armament, viz., rifle and sling (9 lb 8 oz.), bayonet (1 lb), am- 
munition (60 rounds, 6 lb weight ==1 lb for 10 rounds nearly). 
Water-bottle (new pattern) and water, 



EQUIPMENTS. 


681 


pense with sooner tttan thesa But their weight is considerable, and it is 
necessary to sacrifice something else to secure them. The second pair of 
trousers is clearly unnecessary, and if he started with a thoroughly good pair 
of boots made waterproof, as can be easily done, and had a cheap loose shoe 
which ho might put on after a fatiguing march, and if proper transport were 
provided for due renewal, the second pair of boots might be left out, A 
spare shirt, towel, socks, brushes (or better still, a small-tooth comb for the 
hair, which prevents vermin), a small hold-all, and a clasp-knife and spoon, 
would comprise all tliat would be necessary, in addition to his haversack, 
water-bottle, and provisiona The forage cap with waterproof cover should 
be substituted for the shako. 

If such a plan were followed the weight of such a war equipment would 
bo as follows : — 

It) avoir, oz. 


Clothes on person, 10 0 

Service kit in valise, viz., shirt (12 oz.), towel (8 oz.), soap) 

(2 oz.), 1 brush (3 oz.), hold-all (3 oz.), sockwS (4 oz.), shoes >30 

(16 oz.), 

Greatcoat, 4 0 

Waterproof sheet (with appliances for tentage), ... 40 

Blanket, 4 0 

Havei*sack and three days’ provisions, 6 0 

AV'ater-bottle and 20 fl. oz. of water, 2 2 

Canteen, .......... 19 

Valise eciuipmeiit, . . • 5 10 

Armament (with sixty rounds), 36 8 


66 13 


On ordinary occasions in war, as he would only carry one day*s provisions 
^and 40 rounds of ammimitioii, the weight would only bo 52 lb. Wliile lie 
would be more comfortably provided, he would be less weighted than with 
the present system, and would be able, if it were required, to carry entrench- 
ing tools. 

The valise equipment proposed by General Eyre^s Committee, and which 
has been now adopted for the army, possesses great facilities for carrying these 
articles, as will be jiresently noticed. 

This committee also recommended that, instead of the squad-bag for 25 
men, each man shall have a separate canvas bag for his surjdus kit, as is now 
provided on board ship. In time of peace this would l)o carried for him, as 
tlie sipiad-bag is at jiresent ; in time of war it would be left at borne. 

It is of great moment to give, each man a bag for surplus kit to himself. 
It encourages the men to take care of their things, and enables tliom to pack 
them comfortably. The men of the Army Hospital Corps who have sucli 
bags have told me that tliey find them in all respects preferable to the squad- 
bags.* 

It may be interesting to give the weights of the various articles carried by 
the infantry soldier of the IVeiich, Prussian, and liussian armies. 


* The weight of the clothing, equipment, and kit of the Array Hospital 
taken ; they are as follows 

Clothes on the person, including shako and leggings. 

Greatcoat and cape, 

Extra kit and small articles, ........ 

Valise with straps, belt, mess-tin, havresack, and black bag, , 
Water-bottle (new pattern) with water, . . . 

Field companion, complete, 

Water-bottle for ditto, with water, 


Corps I have had 
lb. oz. 

10 y 

6 13 

8 2 
8 1 
2 9 

9 33 j 

5 12 


Total 60 IX 
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Eiluvpment of the French Infantry Soldier (1874, Morache.) 


Articles. 

WeiKht 
in n^s. 

oz. 

A. Clothing, kc. 

Shako, 

avoir. 

0 

15i 

Greatcoat, 

4 


Epaulettes, 

0 

64 

Shirt, .... 

1 

04 

Neck-cloth, 

0 

24 

Braces, 

0 

24 

TVousers, 

1 

84 

Drawom, 

0 

10 

Shoes, 

1 

154 

Leather gaiters, 

0 

114 

Pocket handkerchief, . 

0 

2A 

Knife, 

0 

H 

Spoon, 

0 

1 

Total clothing, &i*., , 

12 

4J 

B. Equipment and Akm ament. 


Rifle (pattern of 1860)* 

8 

124 

Strap for do., 

0 

34 

Cartridge pouch, . . j 

Belt and accessories, . 

4 

111 

Sword-bayonet, . . ] 

2 Packets of cartridges in pouch, 

1 

5 

2 Loose cartridges, 

0 

24 

Total equipment, 

15 

34 

C. Pack. 




Weight 


Articles. in lt>s. 

avoir. 

Brought forward, . 6 

II. In pack : — 

2 Shirts, . . .2 

1 Pair drawers, . . 0 

2 Pair linen gaiters, . 0 

1 Night-cap, . . 0 

1 Pocket handkerchief, . 0 

1 Pair shoes, . . 1 

1 Pair trousers, . . 1 

Hold-all complete, . 1 

2 Paii-s gloves, . . 0 

8 Packets cartridges, . 6 

Small book, . . 0 

Jersey, . . .2 

Tunic, . . .3 

Forage-cap, . . 0 

Small bag, . . 0 

III. Camp-oquipage : — 

Tent, . . .2 

Accessories, . . 1 

Blanket, . . .3 

Cooking-pot, . . 3 

Mess- tin, . . 0 

Water-bottle, em]>ty, . 0 

IV. Four days’ provisions, but 1 

only two days of salt meat > 6 

or bacon, t . . ) 


I. Knapsack empty, . ,57 Total, 


Carryforward, . 5 7 | Grand Total, 

The German infantry soldier caiiies tlio foUoAving weights 

Clo tiling on the person (with gloves), not including helmet. 
Armament and equipment (including helmet, water-bottle 
(full), coffee-mill, and trenching tools), 

Pack, with extra kit, &c., and reserve ammunition. 

Greatcoat and straps, ..... 

Rations, 


Total, . 


• 

45 

79 


1 A 

10 

m 

31 

5 

19 

13J 

5 

11 

7 

3i 

74 

13i 


02 . 

7 

H 

10 

Vi 

83 

m 

3 

1 

3i 

15^ 

4| 


12.V 

n 

8i 

3 

14 

133 


7i 


oi 


Some of tlio articles are not always carried by the same man, such as the 
hatchet, spado, and coffee-mill, so that the weight may be losscnod to 66 S) — 
average weight carried, 66 Ib to 71 The shako of the riflemen and sharp- 
shooters is about oz. lighter than the infantry Jielmet. The Mauser rifle 
weighs 10 tt) and the bayonet 1 B) 8^ oz. 

The Kussiaii soldier carries 70^ fl>, the Austrian 60 and the Italian 75 
lb. ; the mean of European armies being 66 

The m(jan weight of the rifles carried by European infantry is 9 Hi 6 oz. ; 
of the bayonet,’! lb 2-J oz. ; and of each cartridge, 1 J oz. 


T been recently altered to the Gras rifle, but apparently without change of weight. 

.« it A must be added for water in the water-bottle, 2 lb. 34 oz. and at least 1 lb. 2 oz, 
it the tent be damp, making a total of nearly 76 lbs 
J Roth and Lex, oj?, ciL, Bd. III. (1877), p. 110. 
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SECTION VL 

CARRIAGE OF THE NECESSARIES AND ARMAMENT. 

Tlie equipment of the cavalry soldier is in great part carried by tlie horse ; 
but I have been infonned that the mode in which the cavalry valise is 
arrcinged is not comfortable to the men. The total weight carried by the 
horse appears also to be large. A soldier has personal and horse equipments 
equal to nearly his own weight. I am not competent to pronounce on the 
necessity of this, but it is a fact that in light-cavalry regiments the horse now 
carries nearly 19 stone weight, although the rider is on average under 10 
stone. 

In the case of the infantry soldier, who carries the weights himself, the 
greatest care is necessary to place them in the manner least likely to detract 
from his efficiency or to injure his healtL If it were possil)le to let a man, 
in Eurojjean countries, carry nothing but his armament and water-bottle, as 
in India, much more work would be got out of him, longer marches would be 
made, and lie would show greater endurance on the day of action. But such 
an arrangement is impossible, as transport could not be ])rovided, and thc^ 
alternative of leaving a man without his necessaries is not to be thought of. 
But it cannot be too strongly impressed on all commanding officers, that every 
ounce of weight saved is a gain in efficiency. The Prussians, in the war of 
1866, obtained waggons whenever they could to carry the knapsacks, and the 
comparison between the condition of the men thus relieved and those who 
could not bf3 so, was striking.* I am also convinced that a change of opinion 
must brought about in the army on a very materitil point. Some officers 
believe that, as the men must carry weights in war, they ought to caiTy them 
on all occasions during peace, so that the men may be accustomed to them ; 
^iid they attempt to strengthen their position by rofening to the custom of 
the Romans, who exercised their men in peace with heavier weapons than 
those used in war. But iliis example is not applicable. A man should bo 
exorcised in tlie highest degree in any way which may develo]) his muscles 
and improve the circulation through liis ’lungs and heart. Any amount of 
muscular exertion (within, of course, reasonable limits), any degree of practice 
with wca])oiis, must be good as long as his body is unshackled ; hut if ho is 
loaded with weights, and es])ecially if the carriage of the weights at all 
impedes the action of the lungs and heart, then the very exertion which in 
other circumstances would benefit him must do him harm. The soldier must 
carry weights sometimes, but it should bo a rule not to carry them when be 
has no immediate need , of the various articles. The aim should be the 
cultivation of the breathing power of bis lungs and the power of liis muscles 
to an extent which will enable him to bear his weights, at those times when 
ho must carry them, more easily than if, on a false notion of accustoming him 
to them, he had been obliged to wear them on all possible occasions. 

Sufficient practice with the weights to enable a man to dispose them com- 
fortably, and to make him familiar with thorn, should of course be given ; but 
a very short teaching will suffice for thia ^ 

Tlie weiglits which an infantry soldier has to carry have already been 
stated ; the mode of disi>osing of them has now to be considered. 

* Sec Mr Bostock^s able Report in the Army Medical Report, vol. vii. p. 359. 

I have^seen a letter from a Prussian officer, high in rank, and certain to know the fact, stat- 
ing that the difference in the health of the Prussian soldiers who carried the knapsacks in the 
Bohemian marclies in 1866, and tliose who did not, was remarkable. The men who had not 
carried their packs, though they had not hwl the comfort of their necessaries, were fresh and 
vigorous and in high spirits ; those who had carried them, on the other hand, were compara- 
tively worn and exhausted. And this was with the best military knapsack then known. 
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Weights are most easily borne when the following points are attended 
to 

1. They must lie as near the centre of gravity as possibla In the upright 
position the centre of gi-avity is between the pelvis and the centre of the 
body, usually midway between the umbilicus and pubis, but varying of course 
with the position of the body ; a line prolonged to the ground passes through 
the astragalus just in front of the os calcis. Hence weights carried on the 
liead or top of the shoulder, or which can be thrown towards tho centre of 
the hip bones, are carried most easily, being directly over tho line of tho centre 
of gravity. When a weight is carried away from this line the centre of gravity 
is displaced, and, in proi^ortion to the added weight, occupies a point more or 
less distant from the usual site ; until, perhaps, it is so far removed from this 
that a line prolonged downwards falls beyond the feet ; tlie man then falls, 
unless, by bending his body and bringing tho added weight nearer the centre, 
he keep the line well within the sjjace which his feet cover. 

In the distribution of weights, then, the first rule is to keep tho weight 
nearer to tlio (iontre ; hence the old mode of carrying the soldier’s greatcoat, 
viz., on the back of the knapsack, is a mistake, as it puts on weight at the 
greatest possible distance from the centre of gravity. 

2. The weights must in no case compress the lungs, or in any way interfere 
with the respiratory movements, or the elimination of carbonic acid, or hinder 
the transmission of blood through the lungs, or render dihicult the action of 
the heart. 

3. No important muscles, vessels, or nerves should bo pressed upon. This 

is self-evident ; an example may be taken from the late Regulation pack, the 
arm-straps of which so ].)iessed on tho axillary nerves and veins as to cause 
numbness, and often swelling of the hands, which I have known last for 
tw’'eiity-five hours. • 

4. Tho weights should bo distributed as much as possible over several parts 
of the body. 

If we consider the means made use of by those who carry great weights, w\. 
find tlie following points selected for bearing tliem : — 

1. The top of the head. The cause of this obvious ; the w^eiglit is com- 
pletely in the line of centre of gravity, and in movement is kept balanced over 
it. Of course, however, very great weights cannot be carried in this way. 

2. The tops of the scapulte, just over the supra-spinous fossa and ridge. 
At this j)oint the weight is well over the centre of gravity, an«l it is also 
diffused over a large surface of the ribs by the juessure on the scapula. 

3. The hip boii(>s and sacrum. Here, also, the weight is near the centre of 
gravity, and is borne by the strong bony arch of the hips, the strongest part 
of the body.* 

In addition, great use is always made by those who carry groat weights of 
the system of balance. The packman of England used to caiTy from 40 lb to 
even 60 ^ easily thirty miles a-day by taking the top of the scapula for tho 
fixed point, and having half the weight in front of the chest and half behind. 
In this way he still brought the weight over the centre of gravity. The same 
point, and an analogous system of balance, is used by the milkmaid, who can 
carry more weight for a greater distance tlian the strongest guardsman ecj^uipped 
with tho old military accoutrements and pack. 


up 1 

*«* wiuL uuten uy lue inricisn pon;ers, wuo win carry 
600 and 800 lb. some distance ; they also sometimes have a band round the forehead fastened 
to the top of the weight. 
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Tliese points must guide us in arranging the weights carried by the soldier. 
The weight on the head is, of course, out of the question. We have, then, 
the scapulae, the hip, and the principle of balance, to take into consideration. 

In our army the carriage of the kit and ammunition has always been felt to 
be a difliculty, and many have been the changes in the infantry knapsacks 
since the close of- the Peninsular war. The method of caniage which was 
formerly in use, though better than some of the older plans, had grave defects, 
and it has now been superseded by the new eciuipment* * * § 

The new infantry equipment, proposed by a War Office Committee, ap- 
pointed by Lord deGrey in 186^ and of which General Henry Eyre was the 
president, was devised for the purpose of enabling the infantry soldier to carry 
liis weights with greater comfort (and, therefore, to enable him to march 
farther), and especially to do away with any chance of injuring his heart and 
lungat This committee have presented four reports to the War Office. J 
Considerable difficulty was found in fixing the best equipment ; in addition 
to all the points already noted, simplicity and durability, and as much freedom 
from accidental breakage as could be insured, wei*e essential ; facility of re- 
moval and readjustment for emergencies, adaptation for various conditions of 
service, and suitableness for military exercises, had all to be considered. After 
passing in review all the known plans, and experimenting on a large scale, the 
committee at last recommended a plan which, after an extended trial in many 
regiments, and being submitted to the opinions of ^many officers, has been 
finally authorised and issued in place of the old pattern. 

The new equipment is essentially based on the yoke valise plan of the lato 
Colonel Sir Thomas Troubridge, C.B., who had been for many years experi- 
menting on this subje6t,-§ but it is greatly altered in details in order to avoid 
the use of copper or iron rods. The two great principles are to use the 
stapulao and the sacrum in about equal proportion [as carriers of the weight, 
and to place the weights as near to the body as possible, and, as far as could 
be done, in front as well as behind, so as to avoid the displacement of tlie 
centre of gravity. The great advantage of using the sacrum as one of the 
points of support has been very aj^parent in the trials of the valise i)lan. In 
that way only can the chest be thoroughly relieved ; a very great weight can 
be carried without injury if it is necessary, and apart from that a mechanical 
advantage of no small moment has been obtained. For the effect of placing 
the kit and ammunition low down is to free the large muscles of the shoulder 
and back from the impediment which hinders their action when a knapsack 
of any kind is carried in its usual place ; the bayonet exercise can therefore 
bo much better performed ; but more than this, the soldier engaged in a per- 
sonal struggle is in far better position than with a knapsack on the upper part 

* In the former editions descriptions were given of the obsolete Regulation equipment, and 
of various other plans. But it has been thought unnecessary to repeat these. 

f In the chapter on Home Service are given the facts about the amount of heart and 
vessel disease in the army. It appears to bo very lar^, and to be attributable, in part at any 
rate, to exercise nnder unfavourable conditions. It is not confined to the infantry, but is 
ooinmou to ail branches, and perhaps the disease of the vessiirts is even greater in degree in the 
cavalry and artillery. My colleague, Professor Maclean, called the attention of the authorities 
to this matter in a striking lecture <!elivered at tlie Koval United Service Institution, an<l 
published in the Journal of the Institution, vol. viii., and from which extracts were given in 
former editions. The army is greatly indebted to Dr Maclean for his clear exposition on this 

S oint. The first Report of the Committee on Knapsacks contains the evidence to that 
ate. 

t Rciports of the Committee appointed to inquire into the effect on health of the present 
system of carrying the Accoutrements, Ammunition, and Kit of Infantry Soldiei*s.— First 
Report, 1865 ; secojid Report, 1867 ; third and fourth Reports, 1868. 

§ Sir T. Troubridge’s equipment will be found described and figured in the 2d edition of 
this work. I have been informed that he had made experiments on this subject for more 
than fifteen years. 
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of the back ] for in the latter case, the centre of gravity being displaced 
(raised and carried backwards), the man has already a tendency to fall back 
which tells seriously against him. In the new equipment, on the contrary, 
the great weights being all below the centre of gravity, rather tend to keep a 
man steadier and fumer on his legs than otherwise. 

In order to gain those advantages, and also to lesson the weight of the 
oi^uipment, the framed knapsack was abandoned, and a bag or valise substi- 
tuted, which is large enough to carry the service kit and some provisions. 

The woodcuts, ^though not very complete, will give a general notion of 
this plan, which is indeed not difficult to comprehend, as it is remarkably 
simple. The total weight of the whole equipment, as intended for active 
service, is 5 H) 8 oz. 

In tlie first figure the peace e(iuipment is seen. Tliere is a single pouch in 
front, which can be shifted to one side so as to allow the waist-belt to be 
opened. The stKq>s running up over the shoulder from the rings are made 
l)road on the scapulae, they cross on the back like a common pair of braces, 
and then catcliiiig the top of the valise on the other side by a buckle, run 
under the aim to the ring on the opposite side from which they started. 



Fig. llO.-No. 1. 



Fig. 111.— No. 2. 


From this ring a strap runs to the bottom of the valise which is placed resting 
on the sacrum, as seen in the second figure ; by this arrangement the weight 
of the valise is thrown partly on the shoulder, partly on the sacrum, and is 
also thrown forward in a line with the centre of gravity. From the ring 
another strap runs to the waist-helt and supports the ammunition, which thus 
balances in part the weight behind. 

In full service order two pouches are carried in front, as seen in the third 
figure, each holding 20 rounds ; there is also a hall-bag, intended to hold loose 
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cartridges for rapid firing, in which, if there he necessity, 20 or even 30 
cartridges can be put. There is provision in the valise for 20 more. 

The greatcoat is placed above the valise, and being soft gives no obstruc- 
tion to the action of the mnscles of the shoulder. 

The canteen can bo carried as shown in the second figure ; but many officers 
prefer carrying it on the valise, where there are two loops intended for it. 

This equipment is very easy, and leaves the chest perfectly free ; it is very 
simple both in principle and construction, and affords many facilities for, 
carriage of articles, such as the haversack, the water-bottle, blanket, &c., 
wliich will prove very useful on service. It is of more importance to note 
here, tliat it certaiidy answers all medical 
requirements ; and as it leaves the man very 
free and unincumbered in his movements, 
it does away entirely with the stiff unmili- 
tary appearance produced by the old plan. 

There seems only one sanitary point 
whi(;h has been urged against this equip- 
ment, and that is, that a good deid of the 
back is covered, and that perspiration col- 
lects under the valise. Whatever equip- 
ment be used, there must be retention of 
l>erspiration under the covered parts ; tliis 
is inevitable, and is produced by any knap- 
sack. The valise equipment is no excep- 
tion to the rule, but it is singular how little 
l)erspiration really collects under the valise 
if the man knows how to manage it. By 
alffiwing the top of the valise to fall back 
lialf-an-inch, a space is left between tlie 
greater part of the valise and back, which 
allows evaporation, and the loins are kept 
cool. On the march also, when the waist- 
Ijelt is unbuckled, both the valise and great- 
(joat hang loosely and away from the body,* 
and evaporation goes on. I believe that 
practically there will bo found less accumu- 
lation of perspiration than with alniost any 
other plan.! 

SECTION VIL 
WORK OF THE SOLDIER. 

Tlie kind and amount of work in the different arms of the service is so 

* The army, who will in time to come, and especially in war, “feel the benefit of this an aiige- 
ment (for though details may be altered, I believe the principal of the valise equipment will Ije 
always maintained), should know how much it owes to General Eyre, the President of the Wav 
Office Committee on ^Knapsacks, who laboured at this matter with constant industry and 
jierseverance for years, and left nothing undone to bring the question to a satisfactory end. 

f I refer to the 2a edition of this work for figures and descriptions of the continental 
plans, and to the Reports of the War Ofiice Committee on Knapsacks and Accouti'ements, for 
fuller details than can be given here. 

The “ Magazine accoutrements,** invented by Surgeon-major W. S. Oliver, A.M.D., are now 
under trial at Aldershott, and have been very favourably reported upon. They appear to be 
even easier than the valise equipment, and axe less complicated in their fittings ; tney provide 
for the carriage of more ammunition, and leave the back free for transpiration. There is also 
.» light water-proof cape, which can be used os a sheet or portion of a shelter tent.— (F. de C.) 
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different that it is impossible to bring it under one general description. In 
the artillery, cleaning horses, guns, carriages, and accoutrements, and gnu 
drill ; in the cavalry, cleaning of horses, accoutrements, and drill with the 
special arm ; in the infantry, drill, and barrack and fatigue duties, and the 
cleaning of arms and accoutrements, are aU kinds of work, the amount of 
which is not easy to estimate. 

Much of the work of the artillery and cavalry is highly beneficial to them, 
and the fine well-developed muscles show that all parts of the body are. 
properly exercised. Some of the work (such as gun drill or sword exercise) 
is hard, and even violent, and the great amount of aneurism in both bodies of 
men, as well as in the infantry, has led to the idea tha-t the exercise is either 
too severe, or is performed under unfavourable conditions, such as heavy 
Cfiuipments or too tight-fitting clothes. Althougli violent whiie it lasts, it 
seems questionable whether the work is so severe as that which many 
mechanics undergo without injury ; it may, however, be more sudden and 
rapid, aiid the heart may be brought into more violent action. The conditions 
under which the work is done are certainly less favourable than in the case 
of the mechanic, who is never embarrassed by weights or tight clothes. 

In tlie infantry the amount of aneurism is slightly below that of the other 
arms, but not much so. The hard work in the infantry is the running drill 
when the weights are carried, bayonet exercise, and long marches ; but though 
severe, it is not so excessive as to lead us to think it would do injury to 
strong men if all circumstances were favourable. 

During war the amount of labour undergone is sometimes excessive, as will 
be clear from what is said in the next section, and in the rapid campaigns of 
modern times, very young and weakly men are soon exliausted. 

A soldier requires to be trainfid for the ordeal of active service, and this is 
now done in our army hy a series of gymnastic exercises and systematic 
marches, intended to develop every muscle, to make the artillery or the 
cavalry man able to vault on his horse, and the foot soldier to run and to 
escalade, and to march great distances without fatigue. 

Gumnastic Exercises . — ^All military nations have used in their armies a 
system of athletic exercises. The Greeks commenced such exercises when 
the increase of cities had given rise to a certain amount of sedentary life. 
The liomans began to use athletic training in the early days of the EepubJic, 
entirely with a view to military efficiency. The exercises Avere continuous, 
and were not alternated Avitli periods of complete idleness. 

The oflicers exercised Avitli the men. At a later day, we. are told that 
Marius never missed a single day at the Campus Martins ; and Pompey is said 
by Sallust to have been able at fifty-eight years of age to run, jump, and carry 
a load as well as the most robust soldier in his army. 

Swimming Avas especially taught by the Eomans, and so essential Avero the 
g}Tiinastic exercises deemed that, to express that a man Avas completely 
ignorant, it. was said “ he knew neither how to read nor swim.’* The 
gymnastic exercises Avere the last of the old customs which disappeared before 
the increasing luxury of the latter empire. 

In the feudal times the practice of the weapons was the best gymnastic 
exewjise ; every peasant in England wa« obliged to practise with the bow ; the 
noblemen underwent an enoniious amount of exercise, both with and without 
arms, and on foot and horseback. 

After the, invention of gunpowder the qualities of strength and agility 
became of less importance for the soldier, and athletic training was discon- 
tinued every whera But within the last few years the changing conditions of 
modern warfare have again demanded from the soldier a degree of endurance 
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and of rapidity of movdmont which the wars of the eighteenth century did 
not require. And the population generally of this country have of late years 
become alive to the necessity of compensating, by some artificial system of 
muscular exercise, the sedentary life which so many lead. 

In our own time, the first regular gymnasium appears to have been estab- 
lished at Schwefental, in Saxony, by Saltzmann, with a view of giving health* 
to the body, strengthening certain muscles, and remedying deformities. 
About forty years ago Ling also commenced in Sweden the system of move- 
ments which have mode his name so] celebrated. SwitzerLind, Spain, and 
France followed, and of late years in Germany many gymnastic societies 
(Tiimer-Verein) have been founded in almost all the great cities, and the litera- 
ture of ^mnasticiam is now a large ona In our own country, the outdoor 
and vigorous life led by the richer classes, and by many working men, 
rendered this movement less necessary, but of late years societies have been 
formed, gymnasia e^ablished, and athletic sports encouraged in many places. 

Among armies, the Swedish and Prussian were the first to attempt the 
physical training of their soldiers. Franco followed in 1845, and ever since 
a complete system of gymnastic instruction has been carried on in the French 
army, and a military gymnastic school exists at Vincennes, where instructors 
for the array are taught 

In the English army this matter attracted less attention until after the 
Crimean war, when the establishment of gymnasia as a means of training and 
recreation were among some of tho many reforms projected by Lord Herl)ert. 
In 1859 General Hamilton and Sir G. Logan, lately Director-General of tho 
Army Medical Department, were sent over to inspect the systems in use on 
the Continent, and presented a very interesting Eeport, which was suhso- 
(iq^ntly published. A grant of money w^as immediately taken for a gymnasium 
at Aldershot, and this has now been in oijeration for several years, under the 
direction of Colonel Hammersley, with most satisfactory results. Gymnasia 
are now ordered to be built at all the large’ stations, and a complete code of 
instructions, drawn up by Mr Maclaren of Oxford, is published by authority.* 

The instructions have two great objects — 1^#^, To assist the physical develop- 
ment of tho recruit ; 2 (/, To strengthen and render supjde the frame of the 
trained soldier. Every recruit is now ordered to have three months' gymnastic 
training during (or, if judged expedient by a medicjil officer, in lieu of part of) 
his ordinary drill. Two months are given before he commences rifle practice, 
and one month afterwards. This training is superintended by a medical 
officer, who will bo responsible that it is done properly, and wlio will have 
the power to continue the exercises beyond the prescribed time, if he deems 
it necessary. The exercise for the recruit is to last only one hour a-day, and 
in addition he will have from two to three hours of ordinary drill 

The trained infantry soldier under ten years' service is ordered to go through 
a gymnastic course of three months’ duration every year, one hour being given 
fjvery other day. The cavalry soldier is to be taught fencing and sword exercise 
in lieu of gymnastics. ' 

Tho Code of Instructions drawn up by Mr Maclaren consists of two parts, 
elementary and advanced exercises. The exercises have been arranged with 
very great care, and present a progressive course of the most useful kind 
ITio early exercise commences with walking and running ; leaping, with and 
without the pole, follows ; and then the exercises with apparatus commence, 

* A military system of Gymnastic Exercises, by Archibald Maclaren, Adjutant-Generars 
Office, Horse-Guards, 1862. Mr Maclaren has also published two other works of great utility : 
a System of Training and Physical Education. This last work should be in the hands of every 
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the order being the horizontal beam, the vaulting bar/and the vaulting horse. 
All these are called exercises of progression. The elementary exercises follow, 
viz., with the parallel bars, the pair of rings, the row of rings, the elastic 
ladder, the horizontal bar, the bridge ladder, and the ladder plank. Then 
follow the advanced exercises of climbing on the slanting and vertical pole, 
the slanting and vertical rope, and the knotted rope. 

Finally, the most advanced exercises consist of escalading, first against a 
wall, and then against a prepared building. ‘ , 

In the French army swimming and singing arc also taught. Both are very • 
useful ; the singing is encouraged, not as a matter of amusement (though it 
is very useful in this way), but as a means of improving the lungs. 

Swimming should be considered an essential part of the soldier's education, 
and it is probable that it will bo systematically taught in the English aimy. 

Kobort Jacksoii very strongly recommended that dancing should be taught 
and encouraged. There is sound sense in this ; a spirited dance brings into 
])lay many muscles, and in a well-aired room is as good an exercise as can bo 
taken. It would also be an amusement for the men. 

Duties of the Officer in the Gymnemum, 

The Medical Eegulations order the inspecting medical officer and surgcion 
to visit and advise on the kind and amount of gynintistic exercises. The 
Queen's Kegulations (Para. 1360) onler a strict medicfd examination of each 
man before the instruction is commenced. During the course further in.spec- 
tions are to he made — of the recruits once a fortnight, of trained soldiers 
monthly. The measurements of the recruit are also to he taken under tbo 
direction of the medical officer. The following points should be attended in 
regard to — ^ 

1. Recruits . — The recruit is inspected from time to time, to see if the 
system agvem v-ith him. 

(a) Weif/ht . — Tlio weight of the body should he ascertained at the Ix^gin- 
ning and end of the course, and during it, if the recruit in any way coiiij)lains. 
With sufficient food recruits almost always gain in weiglit, therefonj any loss 
of weight should at once call for strict inquiry. It may he the reemit is 
being overdone, and more rest may he necessary. But in order to avoid the 
greatest en*or, the weights must bo carefully taken ; if they are taken at all 
times of the day, without regard to food, exorcise, &c., accuracy is impc>ssihle ; 
there may he 2 K) or 3 lb variation. The physiological practice duriiK^ 
exi)eriments is to take the weight the first thing in the morning before 
breakfast, and after emptying the bladder. If it cannot be done at this time, 
scarcely any reliance can be placed on the result. Food alone may rais<.‘. the 
weight 2 lb or 3 lb, and we cannot ho sure tliat tlie same quantity of food is 
taken daily, Tlie clothes, also, must he remembered ; men should he weighed 
2 iak(xl if possible, if not, in their trousers only, and always in the same dress. 

{(f) IJelykt — This is usually taken in the erect position. Dr Aitken* 
recommends it to be taken when the body is stretched on a horizontal plane. 

A series of ex 2 )erin]cnt 8 on both plans would he very desirable. 

(<*) Gir/h of Chest — The chest is measured to ascertain its absolute size, 
and its amount of expansion. 

It is best measured when the man stands at attention, with the arras 
hanging ; and the tape should pass round the nipple line. The double ta 2 )e 
(the junction being placed on the spine) is a great improvement over the 


On the growth of the Recruit, p. 68. 
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single tape, as it measures the sides separately, and with practice can he done 
as quickly. 

The chest should he measured in the fullest expiration and fullest inspira 
tion. If the chest is measured with the arms extended, or over the head, as 
ordered in the Ee;<ulations in liecruiting, the scapulae may tlirow out the tape 
from the side of the chest 

{d) llie ImpiraUyfy Fower^ as expressed hy the spirometer, may also be 
employed. 

(e) G^rowth of Muncies. — This 'is known hy feeling the muscles when 
relaxed and in action, and hy measurements. The measurement of tlie upper 
arm should he taken either when the arm is hent over the most prominent 
part of the biceps, or over the thickest part when the arm is extended. 

(/) General Condition of Health. — Digestion, slecj), complexion, &c. The 
recruit should also bo inspected during the time of exercise, to watch the 
effect on his heart, lungs, .and muscles. In commencing training the great 
point is to educate, so to speak, the heart ^nd lungs to perform suddenly, 
without injury, a great amount of work. To do this there is nothing better 
than practice in running and jumping. It is astonishing what effect this soon 
has. If possible, the increase in the number of respirations after running 200 
or 300 yards should be noted on the first day, as this gives a standard by 
which to judge of the subsequent improvement. But as it would bo impossible 
and a waste of time to do this with all the men, directly rtic run is ended 
the men should range in line, and the medicjal officer should pass rapklly 
down and pick out tluj men whose respiration is most hurried. In all the 
exercises the least difficulty of respiration should cause the exercise to be 
suspended for four or five minutes.* The heart should be watched ; the 
c^iaracters indicating the necessity for rest or easic'.r work are excessive rajndity 
(130-160), smallness, inequality, and irregularity. 

Soreness of muscles after the exorcise, or great weariness, should be inquired 
into. It would be well every now and then to try the inguinal and femoral 
rings during exertion and coughing. 

One very important part in gymnastic training depends on the instructor. 
A good instructor varies the work constantly, anri never urges a man to 
undue or repeate.d exertion. If the particular exercise cannot be done by 
any man it should be left for the time. Anything like urging or jeering by 
the rest of the men should bo strictly discountenanced. The instructor should 
pass rapidly from exercise to exercise, so that a great variety of muscles may 
1)0 brought into play for a short time each, and as the men work in classes, 
and all cannot be acting at once, there is necessarily a good deal of rest. 

The grand rule for an instructor is, then, change of work and sufficient 
rest. 

In the case of a recruit who has not been used to much physical exertion 
the greatest care must be taken to give plenty of rest during the exercises. 
There may even seem to be an undue proportion of rest for the fimt fortnight, 
but it is really not lost time. Iffie medical officer is only directed to visit the 
gymnasium once a fortnight, but during the first fortnight of the training of a 
batch of recruits he should visit it every day. 

With pro])er care men are very seldom injured in gymnasia. I was in- 
formed at Vincennes that, though they did not take men unless they were 


* In the training of horses the points always attended to are — ^the very gradual increase’of 
the exercise ; gentle walking is peraevered in for a long time, then slow gallops ; then, as the 
horse gains wind and stren^h, quicker gallops : but the horse is never distressed, and a boy 
would be dismissed from a stable if it wore known that the horse he was riding showed, by 
sighing, or in any other way, that the speed was too great for him. 
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certified as fit by a medical officer, they occasionally got men with “ delicate 
chests,” though not absolutely diseased. Those men always improved marvel- 
lously during the six months they remained at Vincennes. In fact, a regu- 
lated course of gymnastics is well known to be an important remedial measure 
in threatened phthisis. Hernia is never caused at Vincennes. Nor does it 
aj)pear that any age is too great to be benefited by gymnastics, though in old 
men the condition of the heart and vessels (as to rigidity) should be looked to. 

Trained Soldiers , — There is less occasion for care with these men ; they 
should, however, be examined from time to time, and any great hurry of re- 
spiration noted. The man should be called out from the cl^s, his heart ex- 
amined, and some rekixation advised if necessary. 

Drills and Marches, 

In drill, and during marches, the movements of the soldiers are to a certain 
extent constrained. In f the attitude of “ attention ” the heels are close 
together, the toes turned out at an angle of 60“, the arms hang close by the 
sides, the thumbs close to the forefingers, and on a line with the seam of the 
trousers. ITie position is not a secure one, as the basis of support is small, 
at id in the manual and platoon exercise the constant shifting of the weight 
changes the centre of gravity every moment, so that constant muscular action 
is necessary to^ailitain the equilibrium. Men are therefore seldom kept long 
under attention, but are told to stand at ease ” and “ stand easy,” in Avhich 
cases, and ospeicially in the latter, the feet are farther apart and the muscles 
are loss constrained. 

In marching the attitude is still stiff — ^it is the position of attention, as it 
were, put into motion. The slight lateral movement which the easy walker 
makes when he brings the centre of gravity alternately over each foot, and 
the slight rotatory motion which the trunk makes on the hip-joint, is restrained 
fis far as it can be, though it cannot be altogether avoided, as is proved by 
observing the light swaying motion of a lino of even very steady men marching 
at quick time. Marching is certainly much more fatiguing than free walking ; 
and in the French army, and by many commanding ofiicers in our own, the 
men are allowed to walk easily and disconnectedly, except when closed up for 
any special purpose. This may not look so striking to the eye of a novice, 
but to the real soldier, whose object is at the end of a long march to have his 
itien so fresh that, if necessary, they could go at once into action, such easy 
inarching is soon to be really more soldier-like than the constrained attitudes 
which lead so much sooner to the loss of the soldier^s strength and activity. 

In walking, the heel touches the ground first, and then rapidly the rest of 
the foot, and the great too leaves the ground last. The soldier, in some 
countries, is taught to place the foot almost flat on the ground, but this is a 
mistake, as the body loses in part the advantage of the buffer-like mechanism 
of the heel. The toes are turned out at an angle of about 30** to 45°, and at 
each step the leg advances forward and a little outward ; the centre of gravity, 
which is between the navel and the pubis, about in a line with the promontory 
of the sacrum (Weber), is constantly shifting. It has been supposed that it 
would be of advantage to keep the foot quite straight, or to turn the toes a 
little in, and to let the feet advance almost in a line with each other. But 
the advantage of keeping the feet apart and the toes turned out, is that, first, 
the feet can advance in a straight line, which is obviously the action of the 
groat vasti muscles in front of the thigh ; and, second, when the body is 
brought over the foot, the turned-out toes give a much broader base of support 
than when the foot is straight. The spring from the great toe may perhaps 
be a little greater when the foot is straight (though of this I am not certain, 
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and I do not see why tfie gasfcrocnemii and solei should contract better in this 
position), but there is a loss of spring from the other toea Besides this, it 
has been shown by Weber that when the leg is at its greatest length, 
when it has just urged the body forward, and is lifted from the ground, it 
falls forward like a pendulum from its own weight, not from muscular action, 
and this advance is from within and behind to without and before, so that 
this action alone carries the leg outwards. 

The foot should be raised from the ground only so far as is necessary to 
clear obstacles. Formerly, in the Russian Imperial Guaid, the men were 
taught to march with a peculiar high step, the l^ee being lifted almost to a 
level with the acetabulum. The effect was striking, but the waste of power 
was so great that long marches were impossible, and I believe this kind of 
marching is now given up. The foot should never be advanced beyond the 
jjlace where it is to be put down ; to do so is a waste of labour. 

In the English army the order is as follows : — 


Length and Number of Steps in Marching. 


Kind of Step. 

Length. 

Ko. per Minute. 

GiOund Traversed 
Iper Minute. 

Ground Traversed 
per Sour with- 
^ oht Halts. 


Inches. 


Feet. 

Milea 

Slow time, . 

30 

75 

.1874 

21 

Quick time, . 

30 

116 

290 

's-a 

Stepping out, 

Double, 

33 

33 

110 

165 

3034 

4531 

3-4 

5-167 

Shipping short. 

21 

... 

... 

... 

Side step, 

12 

... 

... 

... 

1 or when 





Forming four deep, 

24 

... 

,, 

... 

Stepping back. 

30 

... 

... 

... 


The double ” is never continued very long ; it is stopped at the option 
of the commanding officer. In the French army it is ordered not to be con- 
tinued longer than twenty minutes.* At the double (if without arms), the 
forearms are held horizontally, the elbows close to the side ; if the rifle is 
carried, one arm is so hold, • There is an advantage in this attitude, as the 
arms are brought into th"d position of least resistance ; more fixed points are 
given for the muscles of respiration, and the movement of the arms and 
shoulders facilitates the rapid shifting of the centre of gravity. 


* It nmy be worth while to^ineutiou some of the feats of celebrated pedestrians as a meauf 
of comparison. 

The mile has been walked in 7 minutes (or at the rate of miles per hour). Such an exer- 
tion is enormous, for the exertion is in the ratio of the velocity. 

Ten miles have been walked by Captain Saunders in 93J minutes, and 21 miles in 3 hours 
by Westhall. 

In running, 100 yards have been covered in seconds ; a little over 10 sec. is the usual 


time. 

} mile in 1 minute 58 seconds. 

1 mile in 4 minutes ,, 

2 miles in 9 minutes 20 „ 

31 

10 ;; 51 

11 ,, and 46 yards 60 

20 ;; 120 „ 

40 „ 5 hours. 

100 „ 18 hours and 60 minutes. 

O’Leary and Weston covered 500 miles in 144 hours ; Gale walked 1500 in 1000 cons^fcutive 
hours, and 4000 quarter miles in 4000 successive periods of ilO minutes each, — both enormous 
feats of endurance. 


2p 
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Quick time is always used in drills and marching. *The ground got over 
per hour is generally reduced by halts to 2*8 miles. 

Running drill has been introduced during the last seven years j it is not 
carried beyond 1000 yards, and the men are gradually brought up to tliis 
amount. The pace is not to exceed 6 miles an hour. All men over 15 years' 
service and Aveakly men (if considered unfit by the medical officers), are to be 
excused (Queen's Reg. 1377). 

In the French army the length of the step is rather different. 


French Steps in English Measures* (Morache, 1874). 



Length of Step 
in inches. 

Steps per Minute. 

Ground Traversed 
per Minute in 
Feet. 

Ground Traversed 
per Hour in Miles. 

Pas ordinaire, . 

26 

76 

164 ‘ 

1*86 

Pas de route, . 

26 

90 

195 

2-22 

Pas accelere, 

26 

110 

238 

270 

Pas de charge, . 

29 '5 

120 

295 

3*35 

Pas maximum ) 
(gynmasti(£ue), ) 

32-5 

165 

449 

5*10 


The French step is therefore 4 inches shorter than the English ; tliis is 
perhaps because the men are, as a rule, shorter. The Prussian and the 
llavarian step is 31 1 inches long, and 112 steps are taken per minute. 

The exact length of the stop, and the number per minute, are v(jry import- 
ant questions. The object of the soldier is to get the step as long, ami the 
number per minute as great, as possible, without midue fatigue, so as to get 
over the greatest amount of ground. 

The quickest movement of the leg forward in walking has been shown by 
Weber to correspond very closely with half a pendulum vibration of the leg, 
and to occupy on an average, 0*357 seconds ; this would give 168 steps per 
minute, supposing the one foot left the ground when the othcjr touched it. 
This is much quicker than the army walking step (the double is a run), and 
no doubt much quicker than could long be borne, since, with a i^tep of only 
30 inches, it would give nearly 5 miles per hour ; but it may be a question 
whether, with men in good condition, the pace might not be increased to 130 
per minute. Practical trials, however, with soldiers cairybig arms and 
accoutrements can only decide this point. , 

The length of the step of an average man has been fixed by the Prothers 
Weber at about 28 inches. In individual cases, it depends entirely on the 
length of the legs. Robert Jackson considered 30 inches as too long a stop 
for the average soldier, and suggested 27 inches. It is of great importance 
not to lessen the length too much, and it would be very desiraldo to have some 
well-conducted experiments on this point. The steps must be shorter if 
weights are carried than without them ; a little consideration shows how this 
is : When a man walks, he lifts his whole body and propels it forward, and 
in doing so, the point of centre of gravity describes a circular motion, in the 
form of an arc about the foot. The less the body is raised, or, in other words, 
the shorter the versed sine of the arc, the less of course the labour. In long 
steps the arc, and of course the versed sine, or height to which the body is 
raised, are greater; in short steps, less.* It is probable that, with the weight 
the soldier carries (60 lb), the step of 30 inches is quite long enough, perhaps 
even too long ; and it would be desirable to know if, after a march of six or 
eight miles, the steps do not got shorter. 

;* The Brothers .Weber, however, have shown that the angle at which the body is bent and, 
consequently, the coefficient of re^stance are not affected by the length of step, provide t^e 
wlocity reniains the same. 
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In the French army, the march is commenced at the^cw de route (90 steps 
per minute) ; then accelerated to 110 steps ; during the l^t half-hour 100 steps 
are returned to. But the soldiers themselves often set the step ; the grenadiers 
and the voltigeurs alternately leading. Four kilometres ( = 2 J miles) are done 
in forty-five or forty-eight minutes. One kilometre ( = 0*62 miles) is done in 
about twelve minutes. 

The soldier, in this country, when he marches in time of peace in heavy 
order, carries his pack, kit, haversack, water-bottle, gi*eatcoat, rifle, and 
ammunition (probably twenty rounds). In India, he does not carry.his pack 
or greatcoat. 

There is a very general impression that the best marchers are men of middle 
size, and that very bill men do not march so well 

Length of the March. — In “ marching out ” in time of peace, which is 
done once or twice a-week in the winter, the distance is 6 or 8 miles. In 
marching on the route or in war, the distance is from 10 or 12 miles to 
occasionally 18 or 20, but that is a long march. A forced march is any 
distance — 25 to 30, and occasionally even 40 miles being got t)ver in twenty- 
four hours. In the Prussian army the usual march is 14 miles (Englisli) ; if 
the march is continuous, there is a halt every fourth day. ^ 

Gmiditions rendem'ing Marches Slower. — ^Tlie larger the body of men the 
slower the march ; 14 miles will be done in six or seven hours by two or tlireo 
regiments, but not under eight or nine hours by 8000 or 10,000 men. A 
largo army will not go over 14 miles under ten hours usually:' A single 
regiment can do 20 miles in eight hours, but a large army will take twelve or 
fourteen, including halts. Head winds greatly delay marches ; a very strong 
wind acting on a body of men will cause a diftercnco of 20 to 25 per cent, or 
4 miles will be got over instead of 5. 

Snow and rain, without head wind, delay about 10 to 15 per cent, or 4J 
miles are done instead of 5. 

Of coui*se, bad or slippery roads, doep sands, heavy snows, jungle and 
brushwood, are often acting against the soldier, and in hilly and jungly 
countries only 5 or 6 miles may be got over in a day, 

Gondiiions addimj to the Fatigue of Marching. — Heat — dust — thirst — 
constant halts from obstructions — want of food — ^l)ad weather, especially head 
winds with rain. In order to avoid heat and dust, it is desiiiible, when it 
can be done, to separate the cavalry and artillery from the infantry ; to let 
the latter march in open order, and with as large a front as possible. 

Instances of Marches during War. — It is most important for a soldier to 
know what has been done and what can be done with a large body of foot 
soldiers, and it is scarcely less interesting to the physiologist. In comparing 
the marches of infantry, it must always be remembered how great an effect 
increasing the number of men has in lessening the rapidity and length of a 
march, and in increasing the fatigue. No large army has ever made the 
marches small bodies of troops have done. ^ 

At times the fatigue undergone by trained men has been something almost 
incredible. Wolfe mentions in one of his letters that in 1760, just before 
the battle of Dettingen, his regiment marched from Frankfort “ two days and 
two nights with only nine or ten hours' halt.” This would be a march then, 
of thirty-eight hours out of forty-eight. He gives the distance at about 40 
miles, but it was probably more. The 43d, 52d, and 95th Kegiments of 
Foot, forming the Light Division under Crawfurd, made a forced march in 
July 1809, in Spain, in order to reinforce Sir Arthur Wellesley at the battle 
of Talavera. About fifty weakly men were left behind, and the brigade then 
marched 62 miles in twenty-six hours, carrying arms, ammunition, and pacl^^ 
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in all, a weight of between 50 fb and 60 Ib.* There were only eev^enteen strag- 
glers. The men had been well trained in marching during the previous month. 

One of those regiments — the 52d — ^made in India, in 1857, a march as 
extraordinary. In the height of the mutiny, intelligence reached them of the 
locality of the rebels from Sealkote. The 52d, and some artillery, started at 
night on the 10th of July 1857 from Umritzur, and reached Good^pore, 42 
miles off, in twenty hours, some part of the march being in the sun. On the 
following morning they marched 10 miles, and engaged the mutineers. They 
were for the first time clad in the comfortable gray or dust-coloured native 
Khakee cloth. 

A march of a smaD party of French was narrated by an officer of the party 
who was afterwards wounded at Sedan, to Dr Frank, who kindly gave me 
the particulars. A company of a regiment of Chasseurs, of Macmahon’s army, 
after being on grand guard, without shelter or fire, during the rainy night of 
the 5th-6th August 1870, started at three in the morning to rejoin its 
regiment in retreat on Niederbronn, after the battle of Weissenburg. It 
arrived at this village at 3.30 in the afternoon, and started again for 
Phalsbourg at six o'clock. The road was across the hills, and along forest 
tracts, whidh were very difficult for troops. It arrived at Phalsbourg at 8.30 
o'clock in the evening of the next day. The men had, therefore, marched 
part of the night of the 5th-6th August, the day of the 6th, the night of the 
6th-7th, and the day of the 7th till 8.30 p.m. The halts were eight minutes 
every hour, from 3.30 to 6, one hour in the night of the 6th~7th, and 2i 
hours on the 7th. Altogether, including the halts, the march lasted 41 J 
hours, and the men must have been actually on their feet about thirty hours, 
in addition to the guard duty on the night before the march. 

An officer of a Saxon Fusilier regiment gave me the following statements 
of a forced march in one of the actions at Metz, in 1870. The regiment 
was alarmed at midnight and majpehed at one A.M., and continued marching 
with halts until 7 p.m. ; they bivouacked for the night, marched at 7 the next 
morning, came into action at 1*30, and in the evening found themselves 15 
kilometres beyond the field of battle. The total distance was 63^ miles in 
about forty-two hours, with probably fifteen hours' halt. 

Koth mentions that the 18th division of the Saxon army in the various 
manoeuvres about Orleans marched, on the 16th and 17th December 1870, 54 
English miles. 

Von der Tann's Bavarian army, in retreat on Orleans, marched 42 miles in 
twenty-six hours. 

These were all forced marches for the purpose of coming into action or retir- 
ing after discomfiture. Apart from the Peninsular Light Division marcli, they 
show that in two days and one night a small body of men may cover 54 
English miles, and that is probably near the limit of endurance. The Light 
Division march is so excessive (62 miles in twenty-six hours, or 2*38 miles 
every hour, without reckoning halts), that it may. be doubted if the distance 
was properly reckoned, f 

When a large army moves it has never accomplished such distances. 


* Napier^B War in the Peninsula, 3d edit. vol. ii, p. 400 ; Moorsom’s Record of the 62d 
Beginieiit, p. 115, Both authors state that the men carried between 50 lb and 60 ft on this 
extraordinary inarch, hut there seems a little doubt of tbie. During the Peninsular war the 
men carried bags, uceighing about 2 lb, and not framed i^ks, and their kits were Very scanty. 
Lord Clyde, in talking of this march to my colleague, Air Longmore, told him the men only 
carried a shirt, and a spare pair of either boots or soles. He saw the men march in. In all 
probability also they would not carry their full ammunition. 

f Sir William Cope, who was one of the officers of the 95th, says (in his History of the Rifle 
Brig^e, formerly the 95th), that the distance was only 40 miles. 
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• In 1806 the French army marched on one occasion 49 kilometres, or 30J 
miles. On the 15th June 1815, Kapoleon made a forced march to surprise 
the Prussians and English, but only accomplished 30 kilometres or 18f miles. 

In Sherman’s celebrated march across the Southern States the daily distance 
was about 14 miles. When the Prussians advanced on Vienna, after the 
battle of Koniggratz in 1866, they accomplished almost the same, and had also 
outpost duty every other night. 

The Eussians marched in the expedition to Khiva, in 1873, 468*7 miles 
(English) in 89 days, but as actual marching was done only on 44 days, the 
average daily march was (468*7-5-44) 10*65 miles; the longest march was 
26^ miles,* 

Macmahon’s army, in its march to relieve Bazaine at Metz, could only 
accomplish about 10 miles daily, while the Crown Prince of Prus^ in pursuit 
was far more rapid. 

After Sedan, the Prussian and Saxon troops pushed on to Paris by forced 
marches and accomplished on an average 35 kilometres, or 21§ miles, daily, 
and they marched on some days 42 to 45 kilometres (26 to 28 miles) ; they 
started at five or six, and were on their ground from four to eight o’clock, the 
average pace being 5 kilometres (3*1 miles) per hour. 

In the Indian mutiny several regiments marched 30 miles a day for several 
days. 

When marches are continued day after day, an average of about 20 miles 
may be expected from men for two or three weeks, after which, probably, the 
amount would lessen. 

It is difficult to estimate the labour of such marches, as besides the actual 
march there is often work in fetching water, cooking, pitching tents, sentry, 
outpost, and picket duty, &c. As 20 miles a^ay with 60 fc weight is 
^equivalent to lifting 495 tons one foot, and there is always additional work 
to be done, it is clear that the labour is excessive and must be prepared for, 
and that during the time the men must be well fed. 

In marching long distances, the extent of the marches, the halting grounds, 
&c., are fixed by the Quartermaster-Generars department 

Occasionally the march has been divided, one part being done in the early 
morning, and the remainder late in the afternoon. It is, however, better to 
make the march continuous, and, if necessary, to lengthen the midday halt 

Order of March . — Whenever possible, it seems desirable' to march in open 
order. Inspector-General J. R Taylor has given evidence to show that a 
close order of ranks is a cause of unhealthiness in marching, similar to that of 


* In 1709, on the 3d Sept., in order to secure the passage of the Haine, the Prince of Hesse 
Gassel made a march of 49 English miles in 56 successive hours, with 4000 foot and 60 
squadrons (pose’s Life of Marlborough v. 

Alison (History of Marlborough, vol. it p. 27), says that “this rapidity of advance for such 
a distance had never been previously surpassed, though it ^as been out-done in later times.’* 
He refers in a foot-note to Mackenzie's march to join Wellington at Talavera, which he gives as 
62 English miles in 26 hours ; also the Russian foot guards advancing to Paris in 1814, after 
the combat at F^re-Champenoise, marched 48 miles in 26 hours. 

In the Times of 1873 a writer gives the following statement ; he quotes from a dispatch 
published in the London Gazette of 1859. “ Dunng the day the troops from Khulkhulla 
marched 35 miles, and those from the camp 48 miles, and much of this under a more than 
usuaUy hot sun.” He also says that at the end of 1858, General WUtlock marched 86 miles 
in 37 hours to relieve Kirwee. 

In April 1859 Colonel Desalis, (London Gazette 1859), reported a manji of not less than 40 
miles. Captain Rennie’s force also marched 40 in 24 hours. In the same No. of the Times, 
Captain Carleton states that Daly’s Guide Corps marched from near Peshawur to Delhi, 680 
miles in 22 days. Sir Hope Grant says 750 miles in 28 days. He also says that the Ist 
Bengal Fusiliers (European) marched 6o miles in 38 hours. 
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overcrowding in barracks ; and the Medical Board of Bengal have, in accord- 
ance with this opinion, recommended that mditaiy movements in close order 
should be as little practised as possible. Tliere should also be as much inter- 
val as can be allowed between bodies of troops. 

Effects of Marches. — Under ordinary conditions, both in -cold and hot 
countries, men are iiealthy on the marcL 

But marclies are sometimes hurtful — 

Ist, When a single long and heavy march is undertaken when the men are 
overloaded, without food, and perhaps without water. The men fall out, and 
the road becomes strewed ydih. stragglers. Sometimes the loss of life has 
been great. 

The prevention of these catastrophes is easy. Place the soldier as much as 
possible in tlie position of the professional pedestrian ; lot his clothes and 
accoutreiiKUiis be adapted to his work ; supply liiin with water and proper food, 
and exclude spirits ; if unusual or rapid exertion is demanded, the weights 
must be still more lightened. 

Wlien a soldier falls out on the march be will bo found partially fainting, 
with cold moist extremities, a profuse sweat everywhere ; tlie pulse is very 
quick and weak — often irregular; the respimtion often sighing. The weight-s 
should be removed, clothes loosened, the man laid on the ground, cold water 
dashed on the face, and water given to diink in small quantities. If the 
syncope is very alarming, brandy must be used as the only way of keepiiig 
the heart acting, but a largcj quantity is dangerous. If it can bo obtainecl, 
weak hot brandy and water is the best under these circumstances. When ho 
. has recovered, the man must not march — ^he should be carried in a waggon, 
and in a few minutes have something to eat, but not much at a time. Con- 
centrated beef-tea mixed with wine is a powerful restorative, just as it is to 
wounded men ou the field. ‘ 

2d. When the marches which singly are not too long, aro j)ralonged over 
many days or weeks without due rest. 

Witla projjer halts men will march easily from 600 to 1000 miles, or oven 
farther, or from 12 to 16 miles per diem, and be all the better for it ; but 
after the second or third week’s, there must be one halt in the week besides 
Sunday. If not, the work begins to tell on the men ; they get out of condi- 
tion, the muscles get soft, appetite declines, and there may be even a little 
anaemia. The same effects are produced with a much less quantity of work, 
if the food is insufficient. Bad food and insufficient i*e8t are then the great 
causes of this condition of body. 

In such a state of body malarious fevers are intensified, and in India 
attacks of cholera are more frequent. It has been supposed that the body is 
overladen with the products of metamorphosis, which cannot be oxidised fast 
enough to be removed. 

Directly the least trace of loss of condition begins to be perceived in the 
more weakly men (who are the tests in this case), the surgeon should advise 
the additional halt, if military exigencies permit' On tlie halt day the men 
should wash themselves and their clothes, and parade, hut should not drill. 

3d, When special circumstances produce diseases. 

Exposure to wet and cold in temperate climates is the great foe of the 
soldier. long as he is marching, no great harm results ; and if at night 
he can have d]^ and warm lodgings, ho can bear, when seasoned, great 
exposure. But if he is exposed at night as wdl as day, and in war he often 
is so, and never gets dry, the] hardiest men will suffer. Aflections arising 
from cold, such as catarrhs, rheumatism, pulmonary inflammation, and 
dysentery are caused. 
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T^ese are incidental to the soldier's life, and can never be altogether 
avoided. But one great boon can bo given to him ; a watorpi*oof sheet, 
which can cover him both day and night, has been found the greatest comfort 
by tiiose who have tried it. 

The soldier may have to march through malarious regions. The march 
should then be at mid-day in cold regions, in the afternoon in hot. The early 
morning marches of the tropics should bo given up for the time ; the deadliest 
time for the malaria is at and soon after sunrisa If a specially dea<lly narrow 
district hjis to be got through, such as a Temi, at the foot of hills, a single 
long march should be ordered ; a thoroughly good meal, with wine, shoidd bo 
tak<m before starting, and if it can be done, a dose of quinine. If tlie troops 
must halt] a niglit in such a district, every man should take five grains of 
quinine. Tents should b(i pitched in accordance with the rules laid down in 
the chapter on Camps, and the men should not leave them till the sun is well 
up in tlie heavens. 

Yellow fever or cholera may break out The rules in both cases are the 
sam(i. At once leave the line of march ; take a short march at right angles 
to the wind ; separate the sick men, and place the hosj^ital tent to leeward ; 
let every evacuation and vomited matter be at once buried and covered with 
earth, and employ natives (if in India) to do this constantly, with a seijeaiit 
to superintend. Let every duty-man who goes twice to tlie rear in six hours 
report himself, and, if the disease be cholem, distribute piUs of acetate of lead 
and opium to all the non-commissioned officers. Directly a man who 
becomes choleraic has used a latrine, either abaiidon it, or cover it with cjirth 
and lime if it can be procured. If tliere is carbolic acid or cliloriile of zinc, 
or lime or sulphate of iron or zinc at hand, add some to every stool or vomit. 

In two days, wliethcr the cholera has sto])ped or not, move two miles ; take 
c%re in the old camp to cover everything, so that it may not prove a focus of 
disease for others. The drinking water should be constantly looked to. A 
i*egiment should never foUow one which carries cholera; it sliould avoid 
towns where cholem prevails ; if it itsedf carries cholera, tlie me,n sliould not 
be allowed to enter towns. I know one instance (and many are known in 
India) where cholera was in this way introduced into a town. 

The men may suffer froiu insolation. This will generally bo under tlirce 
conditions.* Excessive solar heat in men unaccustomed to it and wrongly 
dressed, as in the case of the 98th in the first China war, when the men 
liaving just Linded from a six months' voyage, and being buttoned up and 
wearing stocks, fell in numbers during the first short march. A friend who 
followed with the rearguard informed me that the men fell on their faces as 
if struck by lightning ; on running up and turning them over, he found 
many of th(un already dead. They had, no doubt, struggled on to the last 
moment. Tliis seems to be intense asphyxia, with sudden failure of the 
heart-action, and is the “ cardiac variety " of Morehead. 

A dress to allow perfectly free respiration (freedom from pressure on chest 
and neck), and protection of the head and spine from the sun, will generally 
prevent this form. The head-dress may be wetted from time to time ; a 
piece of wet paper in the crown of the cap is useful When tlio athick has 
occurred, cold effusion, artificial respiration, ammonia, and hot brandy and 
water to act on the heart, seem the best measures. Bleeding is hurtful ; 
perhaps fatal Cold affusion must not be pushed to excess. ^ 


* Of course I do not enter here into the pathology of this affection. Fbr this I refer to the 
great works of Morehead and Martin and Aitken and Maclean. 1 look at it from a special 
point of view. 
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In a second form the men are exposed to continued«heat,^ both in the sun 
and out of it> day and nighty and the atmosphere is still, and perhaps moist^ 
so that evaporation is lessened, or the air is vitiated. If much exertion is 
taken, the freest perspiration is then necessary to keep down the heat of the 
body I if anything checks this, and the skin gets dry, a certain amount of 
pyrexia occurs ; the pulse rises ; the head aches ; tibe eyes get congested ; 
there is a frequent desire to micturate (Longmore), and gradual or sudden 
coma, with perhaps convulsions and stertor, comes on, even sometimes when 
a pmn is lying quiet in his tent. The causes of the interruption to perspira- 
tion are not known ; it may be that the skin is acted upon in some way by 
the heat, and from being over-stimulated, at last becomes inactive. 

In this form cold affusion, ice to the head, and ice taken by the mouth, are 
the best remedies ; perhaps even ice water by the rectum might be triei 
Stimulants are hurtful The exact pathology of this form of insolation is 
uncertain. It is the cerebro-spinal variety of Morehead. 

In a third form a man is exposed to a hot land-wind ; perhaps, as many 
have been, from lying drunk without cover. When brought in, there is 
generally complete coma with dilated pupils, and a very darkly flushed face. 
After death the most striking point is the enormous congestion of the lungs, 
which is also marked, though less so, in the other varieties. Although I 
have dissected men in a very large number of diseases both in India and 
England, I have never seen anything like the enormous congestion I have 
observed in two or three cases of this kind. 

As prevention of all forms, the following points should be attended to ; — 
Suitable clothing ; plenty of cold drinking water (Crawf oni) ; ventilation ; 
production in buildings of currents of air ; bathing ; avoidance of spirits ; 
lessening of exertion demanded from the men. 

Duff/ of Medical Officers during Marches. 

General Duties on Marches in India or the Colonies. — Before commencing 
the march, order all men with sore feet to report themselves. See that all 
the men have their proper kits, neither more nor less. Every man should be 
provided with a water-bottle to hold not less than a pint. Inspect halting- 
grounds, if possible 3 see that they are perfectly clean, and that everything is 
ready for the men. In India, on some of the trunk roads there are regular 
halting-grounds set apart. The conservancy of those should be very carefully 
looked to, else they become nothing but foci for disseminating disease. If 
there are no such places, halting-grounds are selected. It should bo a rule 
never to occupy an encamping ground previously used by another corps if it 
can bo avoided ; this applies to aU casea Select a position to windward of 
such an old camp, and keep as far as possible from it. The encampment of 
the transport department, elephants, camels, bullock carts, &c., must bo looked 
to, — they often are very dirty : keep them to leeward of the camp, not too 
near, and see especially that there is no chance of their contaminating streams 
supplying drinking water. If the encampment is on the banks of a stream, 
the proper place for the native camp and bazaar will always be lower down 
the stream. The junior medical officer, if he can be spared, should be sent 
forward for this purpose with a combatant oflBcer. Advise on length of 
marches, halts, &c., and draw up a set of plain rules to be promulgated by 
the commanding officer, directing the men how to manage on the march if 
exposed to great heat or cold, or to long-continued exertion, how to purify 

* The of sandy plains is the worst, probably, from^the great absorption of heat and the 
eontinned miction. The heat of the ann, joer ae, ia not so bad ; on board ehip aon-stroke is 
uncommon. 
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water, clean their clothes, &a Ef the march is to last sometime, and if halts 
are made for two or three days at a time, write a set of instructions for 
ventilating and cleaning tents, regulation of latrines, &a 

Special Duties for the March itself . — Inspect the breakfast or morning 
refreshment ; see that the men get their coffee, &c. On no account allow a 
morning dram, either in malarious regions or elsewhere. Inspect the water- 
casks, and see them properly placed, so that the men may be supplied ; 
inspect some of the men, to see that the water-bottles are full March in 
rear of the regiment so as to pick up all the men that fall out, and order men 
who cannot march to be carried in waggons, dhoolies, &c., or to be relieved 
of their packs, &c. If there are two medical officers, the senior should be in 
rear ; if a regiment marches in divisions, the senior is ordered to be with the 
last. When men are ordered either to be carried or to have their packs carried, 
tickets should be given specifying the length of time they are to be carried. 
These tickets should be prepar!^ before the march, so that nothing has to be 
done but to fill in the man^s name, and the length he is to bo carried. 

Special orders should be given that, at the halt, or at the end of the day's 
march, the heated men should not uncover themselvea They should take off 
their pack and belts, but keep on the clothes, and, if very hot, should put on 
their greatcoata The reason of this (viz., the great danger of chill after exer- 
tion) should be explained to them. In an hour after the end of the march 
the men should change their underclothing, and hang the wet things up to 
dry ; when dry they should be shaken well, and put^by for the following day. 
Some officers, however, prefer that their men should at once change their 
clothes and put on dry thinga This is certainly more comfortable. But, at 
any rate, exposure must be prevented. 

It will be found that old soldiers cat very little while on the march ; the 
^laigcst meal is taken at the end. 

At the end of the march inspect the footsore men. Footsoreness is 
generally a great trouble, and frequently arises from faulty boots, undue 
pressure, chafing, riding of the toes from narrow soles, &c. Eubbiiig the feet 
with tallow, or oil or fat of any kind,* before marching, is a common remedy. 
In the late war the Grermans found tannin very useful, — they used an ointment 
of one part of tannin to twenty parts of zinc ointment. A good plan is to dip 
the feet in very hot water, before starting, for a minute or two ; wipe them 
quite dry, then rub them with soap (soft soap is the best), till there is a 
lather ; then put on the stocking. At the end of the day, if the feet are sore, 
they should be wiped with a wet cloth, and rubbed wilii tallow and spiiits 
mixed in the palm of the hand (Galton). Pedestrians frequently use hot salt 
and water at night, and add a little alum. Sometimes the soreness is owing 
simply to a bad stocking ; this is easily remedied. Stockings should bo 
frequently washed ; then greased. Some of the German troops use no stock- 
ings, but rags fold^ smooth over the feet. This is a very good plan. Very 
often soreness is owing to neglected corns, bunions, or in-growing nails, and 
the surgeon must not despise the little surgery necessary to remedy tliese 
things ; nothing, in fact, can be called little if it conduces to efficiency. As 
shoes are often to blame for sore feet, it becomes a question whether it might 
not be well to accustom the soldier to do without shoes. 

Frequently men fall out on the march to empty the bowels ; the frequency 
with which men thus lagging behind the column were cut offiHy Arabs, led 
the French in Algeria to introduce the slit in the Zouave trousers, which re- 
quire no unbuckling at the waist, and take no time for adjustment 

* An old prejudice gives the preference to stag’s Ut, but there is little di^bt all oils are 
equally effectuaL 
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At the long halt, if there is plenty of water, the shoes and stockings should 
he taken off, and the feet well washed ; even wiping with a wet towel is very 
refreshing. The feet should always he washed at the end of the inarch. 

Occasionally men are much annoyed with chafing between the nates or inside 
of the thighs. Sometimes this is simply owing to the clothes, hut sometimes 
to the actual chafing of the parts. Powders are said to he the hest — flour, 
oxide of zinc, and above all, it is said, fuller's earth. 

If blisters fonii on the feet, the men should he directed not to open thcmi 
during the march, hut at the end of the time to draw a needle and thread 
through ; the fluid gradually oozes out. 

All footsore men should he ordered to report themselves at once. 

Sprains are host treated with rags dipped in cold water, or cold spirit and 
water with nitre, and hound tolerably tight round the ])art. Post is often 
impossible. Hot fomentations, wlien procurable, will relieve pain.* 

Marchcis, esj)ecially if hurriiid, sometimes lead men to neglect their bowels, 
and some trouble occurs in this way. As a rule, it is desimhle to avoid 
purgative medicines on the line of march, hut this cannot always he done ; 
they should, however, he as mild as possible. 

Pobert Jackson strongly advised the use of vinegar and wat(ir as a refresh- 
ing beverage, having probably taken this idea from the Pomans, who made 
vinegar one of the necessaries of the soldier. It was probably used by them 
as an anti-scorbutic ; whether it is very refreshing to a fatig\icd man, I do not 
know. 

There is only one occasion when spirits should he issued on the march : 
this is on forced marches, near the end of the time, when the exhaustion is 
great. A little spirit, in a large quantity of hot water, may then he useful, 
hut it should only be used on great emergency. Warm beer or tea is also 
good ; the warmth seems an imj)ortant point, Kanald Martin tells us that id 
the most severe work in Burmah, in the hot months of April and* May, and in 
the hot hours of the day, warm tea was the most refreshing beverage. This I 
found also from my own experience. Several friends have told me that both 
in India, and in hush travelling in Australia, there was nothing so reviving 
as warm tea. Chevers mentions that the juice of the country onion is useful 
in lessening thirst during marches in India, and that, in cases of^ sun-stroke, 
the natives use the Juice of the unripe inangoe mixed with salt. 

Music on the march is very invigorating to tired men. Singing should 
also he encouraged as much as possible. 

Marching in India . — Marches take place in the cool season (November to 
February), and not in the hot or rainy seasons, except on emergency ; yet 
niarcdies have been made in hot weather without haim, when care is taken. 
They are conduettid much in the same way as in cold countries, except that 
the very early morning is usually chosen. The men are roused at half-past 
two or three, and parade half an hour later ; the tents are struck, and carried 
on by the tent-bearers ; coffee is served ou^ and the men march off by half- 
past three or four, and end at half-past seven. Everything is ready at the 
lialtiiig-gi’ound, tents are pitched, and breakfast is prepared. 

These very early marches are strongly advocated by many, and are opposed 
almost as strongly by some. In the West Indies, marching in the sun has 
always beem more common than in the East. Much must depend on the 
locality, and the prevalence and time of hot land winds. Both in India and 
Algeria marches have been made at night ; the evidence of the effects of this 


* The following is a very good lotion for sprains : sal ammoniac, 20 grains, vinegar and 
apiril^ an ounce of each. 



MARCHING IN CANADA. 


603 


is discordant. The French have generally found it did not answer ; men bear 
fatigue less well at night ; and it is stated that the admissions into hospital 
have always increased among the French after night inarching, Annesley*s 
authority is also against night marching in India. On the otlier hand, I 
have been informed tliat in India the march through the cool moon-light 
night has been found both pleasant and healthy. 

Afternoon marches (commencing about two hours before sunset) have been 
tried in India, and, I believe, often with very good results. 

Marching in Canada , — In 1314, during the war with America ; in L837, 
during the rebellion; and, in 1861-62, during the “Trent” excitonent, 
winter marches were made by the troops, in all cases without loss. The 
following winter clothing was issued at home : — A sealskin cap with car 
lappets ; a woollen comforter ; two woollen jerseys ; two pairs wooUen 
drawers ; a chamois leathern vest with arms ; two pairs long woollen stockings 
to draw over the boots ; sealskin mits, and a pair of jackboots. In Camula a 
pair of blankets and moccasins were added,* and, at the long halts, weak hot 
rum and water was served out. A quarter of a pound of meat was added to 
the ration. A hot meal w^as given before starting, another at mid-day, and 
another at night. The troops were extremely healthy. During oxposiu-o to 
cold, spirits must be avoided ; hot cotfee, tea, ginger tea, or hot weak wine 
and water, are the best ; it is a good plan to rub the hands, feet, face, and 
neck with oil ; it appears to lessen the radiation of heat and the cooling eflect 
of winds. 

* laapeotor-Genejal Muir’s Report — ^Arniy Medical Report, vol. iv, p. 378, 



CHAPTER III. 

THE EFFECTS OF MILITARY SERVICE. 


The influence of the various conditions of military life is shown by the 
records of sickness and mortality, and this must be noted in the various 
stations. 

The recruit having entered the ranks, begins his service at home, and he is 
kept at Ids depdt for some time. He does not go to India until he has com- 
pleted his twentieth year, although he may take other foreign service earlier. 
We should suppose his life would be a healthy one. It is a muscular, and, 
to a certain extent, an open-air life, yet without great exposure or excessive 
labour ; the food is good (though there might be some improvement), the 
lodging is now becoming excellent, and the principles of sanitation of dwell- 
ings are carefully practised. Although the mode of clothing might be im- 
proved as regards pressure, still the material is very good. There is a freedom 
from the pecuniary anxiety which often presses so hardly on the civil artisan, 
and in illness the soldier receives more immediate and greater care than is 
usual in the class from which he comes. 

There are some counterbalancing considerations. In a barrack, there is 
great compression of the population, and beyond a doubt the soldier has 
greatly suffered, and even now suffers, from the foul air of barrack rooms, 
13ut this is a danger greatly lessening, owing to the exertions of the Barrack 
Improvement Commissioners, and, as is proved by the experience of some con- 
vict jails, can be altogether avoided. 

Among the duties of the soldier is some amount of night-work ; it is certain 
that this is a serious strain, and the Sanitary Commissioners, therefore, 
inserted in the Medical Kegulations an order that the number of nights in bed 
should be carefully reported by medical officers. Commanding officers should 
be informed how seriously the guard and sentry duties, conducted as they are 
in full dress, tell on the men if they are too frequent ; one guarcT-day in five 
is quite often enough, and four nights in bed should be secured to the men. 
Exposure during guard and transition of temperature on passing from the hot 
air of the guard-room to the outside air are also causes of disease. The 
weights and accoutrements are heavy, hut the valise equipment introduced by 
General Eyre's Committee has removed the evil of the old knapsack. 

The habits of the soldier are unfavourable to health ; in the infantry, 
especially, he has much spare time on liis hands, and mnui presses on him. 
Ennm is, in fact^ the great bane of armies ; though it is less in our own than 
in many others. It is said to weigh heavily on the German, the Russian, and 
even on the French army. Hence, indeed, part of the restlessness, and one 
of the dangers of largo standing armica The Romans appear to have avoided 
this danger by making their distant legions stationary, and permitting 
marriage and settlement — ^in fact, by converting them into military colonies. 
We avoid it in part by our frequent changes of place, and our colonial and 
Indian service j but not the less, both at home and abroad, do idleness and 
the parents of all evils, lead the soldier into habits which sap his health. 
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Not merely excessive raioking, drinking, and debauchery, but in the tropics 
mere laziness and inertia, have to be combated. Much is now being done by 
establishing reading-rooms, trades, industrial exhibitions, &c., and by the en- 
couragement of atUetic sports to occupy spare time, and already good results 
have been, produced. 

The establishment of trades, especially, which will not only interest the 
soldier, but benefit him pecuniarily, is a matter of great importance. It has 
long been asked why an army should not do all its own work ; give the men 
the hope and opportunity of benefiting themselves, and ennui would no longer 
exist In Indi^ Lord Strathnaim did most essential service by the establish- 
ment of trades ; and the system, after long discussion and many reports, is 
now being tried in England 

One of the proofs of ability for command and administration is the power 
of occupying men, not in routine, but in interesting and pleasant work, to 
such an extent that rest and idleness may be welcomed as a change, not 
felt as a burden. Constent mental and much bodily movement is a necessity 
for all men ; it is for the officers to give to their men an impulse in the 
proper direction. 

Among the conditions of the soldieris life adverse to health, enforced celibacy 
must be reckoned. This produces not merely promiscuous intercourse, that 
terrible evil, but other effects. We do not require the statistical proof that 
both in the army and civil life married men have less illness and longer lives 
than single men ; we might be certain, a priori^ that the great function of 
procreation cannot be thus endangered by the conditions we impose on our 
soldiers without injury. The continental system of conscription for limited 
periods has prevented this matter from assuming the importance it does in 
armies enlisted for long or permanent service. For our own army the question 
is pressing enough, nor is it easy to offer a solution, unless the system of short 
service is found to have a good effect. 

The last point which, probably, makes the soldier’s life less healthy than it 
would otherwise be, is the depressing moral effect of severe and harassing dis- 
cipline. In our own army in former years, it is impossible to doubt that dis- 
cipline was not merely unnecessarily severe, but was absolutely savage. An 
enlightened public opinion has gradually altered this, and with good com- 
manding officers, the discipline of some regiments is probably nearly perfect ; 
that is to say, regular, systematic, and unfailing ; but from its very justice 
and regularity, and from its judiciousness, not felt as irksome and oppressive 
by the men. 

The general result of the life at home on soldiers must now be considered. 

It is by no means easy to say whether soldiers enjoy as vigorous health as 
the classes from which they are drawn ; the comparison of the number of sick, 
or of days’ work lost by illness by artisans, cannot bo made, as soldiers often 
go into hospital for slight ailments which will not cause an artisan to give up 
work. The comparative amount of mortality seen^ the only available test, 
though it cannot be considered a very good one. 

Following the order laid down in the chapter on Statistics, we have to 
consider — 


SECTION L 

THE LOSS OF STRENGTH BY DEATH AND INVALIDING, 

PER 1000 PER ANNUM. 

A, Bt Dbath. 

It is to be understood that the mortality is here reckoned on the strength, ^ 
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that is, on the total number of healthy and sick persons actually serving 
during the time. The mortality on the sick alone is another matter. 

From the Parliamentary Statistical Ketums of the Army (1840 and 1853, 
which include the years 1826-1846), we find that the mortality among the 
cavalry of the line was at that time about Jd more than among the civil male 
population at the same age (nearly as 16 to 10^ per 1000) ; among the Foot 
Guards it was more than double (very nearly 20 J per 1000 as against 10 ) ; 
among the infantry of the line it was |ths more (or 18 per 1000 as against 10). 

The State was thus losing a large* * * § l^dy of men annually in excess of what 
would have been the case had there been no army, and was therefore not only 
suffering a loss, but incurring a heavy responsibility. 

In the splendid men of the Household Brigade, diseases of the lungs 
(including phthisis) accounted for no less than 67*7 per cent, of the deaths, 
in the cavalry of the line for nearly 60 per cent., and in the infantry of the 
line for 57 per cent. ; while among the civil population of the soldier’s age, 
the proportion in all England and Wales was only 44*5 per cent, of the total 
deaths. The next chief causes of deaths were fevers, which accounted in the 
dilfereiit arms of the service for from 7 to 14 per cent, of the total deaths. 
Tlie remainder of the causes of deaths were made up of smaller items. 

These remarkable results were not peculiar to the English Army. Most 
armies did, some still do, lose more than the male civil population at the 
same age. The following are the most reliable statisics ; — f 


Army Loss 
Per 1000. 


Army Loss 
Per 1000. 

France (1823), . . . . 

28*3 

Prussian ^ (1867), . . 

. 6*64 

France {Paixhans, 1846), 

19*9 

Russian (1 (series of years), 

. 39 

France, mean of 7 yeara (1862-68), 

10*0 

„ (1857-1866), 

. 18*7 

France (1869), .... 

9*55 

Austrian, .... 

. 28 , 

France (1872), .... 

9*49 

„ (1869), . 

. 11 -sy 

French in Algeria (1846), 

64 

Piedmontese (1859), , % 

. 16 

„ „ (1862-66), 

14*98 

Italian (1870), 

. 8-40 

Prussian t (1846-1863, excluding, 
officers), 

1 9*49 

United States (before the war), 
Portuguese (1851-63), . 

Danish, .... 

. 18*8 

. 16*6 

Prussian (1869), .... 
Prussian army (including the Saxon 1 
and Wiirtemberg corps (1876), . j 

6*10 

1 4*96 

\ 

. 9*5 


The old Hanoverian army was very healthy, losing only 5*3 per 1000 as 
against 9*5 among the civil population of the same ages. 

In these foreign armies the same rule liolds good ; fevers (chiefly typhoid 
in all probability) and phthisis were the great causes of mortality. In Prussia 
phthisis formerly caused 27 per cent, of the total mortality, but in that army 
phthisical men are sent home, and after a certain time are struck off the rolls, 
so that the army deaths are thus fewer than they would be if the men died at 
their regiments. In Austria phthisis caused 25 deaths out of every 100 ; in 
France, 22*9 ;1I while in 1859, the proportion among the civil population was 
17*76 ; in Hanover, 39*4 ; and in Belgium, 30 ; though in the latter country 
the proportion among the civil population was only 18*97 deaths from 

* In reality the deaths from the civil male population of the soldiera* ages (20 to 40) were 
below 10, and in the healthy districts much below ; the case against the soldier is, therefore, 
even worse than it reads in the text. 

+ Meyiie (Elements de Stat. M4d, Militaire, 1859) gives some of these figures ; others are 
taken from the rer^rta of the different armies. 

X i>T Engel, in Zt. des Kdnigl. Frcussich. Stat. Bureaus, Aug. Sept. 1865, p. 214. 

§ Stat. Sanitats-bericht fiber die Kon. Pr. Armee. for 1867, Berlin, 1870, Without deaths of 
invalids the mortality was only 6*196. Tbe men were all under thirty years of age, which must 
be taken into account. 

; i| The Russian mortality has lately been greasy reduced, 

^ This was in 1860 ; 1 have calculated this f^m Laveran's returns from eleven of the great 
g^ifisons. 



l^EORTALTIY ON HOME SERVICE. 


607 


phthisis per 100 of al> deaths. In Portugal the mortality from phthisis con- 
stitutes 22 per cent, of the deaths,* while in the civil population the deaths 
are 12 per cent, of the total deaths. In the Prussian army in 1876 only 16 
per cent, were from phthisis. In these armies, also, fevers caused a greater 
number of the deaths than in the English army, even in the period referred 
to. In Prussia, 36 (reduced in 1876 to 20) ; in I^rance, 26 ;t in Belgium, 16*6 ; 
and in Hanover, 23*68 per cent, of all deaths were from fever (typhoid?). 
In Portugal only 3*9 deaths are from typhoid out of every 100 deaths; this 
is owing to its rarity in the country districts ; it is common in Lisbon. 

Kothing can prove more clearly that in all these armies the same causes 
were in action. And from what has been, said in previous chapters, it may 
be concluded that the reason of the predominance of these two classes, lung 
diseases and typhoid fever, must be sought in the impure barrack air, and in 
the defective removal of excreta. 

The Crimean war commenced in 1854, and ended in 1856. A large part 
of the army was destroyed, and a fresh force of younger men took its place. 
Soon afterwards, the great sanitary reforms of Lord Herbert commenced. In 
1859 yearly statistical returns began to be published. 

The mortality of all arms has undergone an extraordinary decrease from that 
of the fonner period. 

Mortality per 10(^0 per Annurri, 


From all CausoH. 

9-45 

8-62 

9-36 

8-43 


From I)lRca«e alone (i.a, 
exclndinfc violent deutlut). 

8*534 

7*800 

8*440 


Mean of ten years, 1861-70, . 

1871, 

1875, 

1876, 

The diminution over the years previously noted (1826-46) is extraordinary. 
Three causes* only can be assigned for it — the youth of the army, and a better 
selection of men ; or a partial removal of the causes of diseases ; or earlier 
invaliding, and the action of the Limited Enlistment Act, so as to throw the 
fatal cases on the civil population. 

The question of ago has been examined and disposed of by Dr Balfour, J 
who has shown that the youth of the army does not account for the lessening. 
Selection has always been made with equal care, and invaliding, though it 
certainly has been greater of late years, does not appear to have been in excess 
sufficient to account for the lessening. There can be no doubt, then, that the 
great result of halving the yearly loss of the army by disease has been the 
work of Lord Herbert and the Royal Sanitary Commission. 

It will be observed that the diminution in the mortality in the French army 
has also singularly lessened from 1846 to 1862 and 1863, and this is, no 
doubt, owing to the great sanitary precautions now taken in that army. 

It is curious to observe that in the French and English armies tlie mortality 
is now almost the same, viz., about 9*5 per 1000 present with the colours ; it 
is slightly the lower in the English. The Prussian was about the same, but 
is now much less, owing probably to the greater youth of the army. 

Of the different arms of the service, the cavalry and artillery are rather 
healthier than the infantry ; the engineers than either ; the officers always 


* Marques, reviewed in an excellent article in the British and Foreign Medico- Chir. Review 
for ^ril 1863. 

+ Laveran, in 1860, made the number 25*9 in the deathe from eleven garrisons. In 1863, 
the mortality from typhoid in the French army was 1’87 deaths .per 1000 of effectives in 
France, 1-63 in Algeria, and 3*66 in Italy. In 1866 the mortality was 1-45 in France, 1*39 
in Algeria, and 2*^ in Italy. 

Report for 1859, p. 6. 
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show less mortality than the non-commissioned officers And privates, and the 
non-commissioned officers less than the privatea In different'regiments there 
is often a singular difference in the mortality in a given year, but ^is is usually 
easily accounted for, and in a term of years the differences disappear. 

Comparison with Civil Population, 

This gross mortality must now be compared with that of the civil popula- 
ion. In England the gross male civil mortality at the soldier's age is — * 

Mortality per 1000 of 
Population. 

From 20 to 26 years of age, " 8*83 

25 to 35 9*57 

35 to 45 „ ...... 12-48 

The soldier's mortality, taken as a whole, is therefore not above that of the 
civil population, but then there is invaliding, and some uncertain addition 
should be made to the mortality on this account. 

Compaiing the soldier's mortality (invaliding being disregarded) with trades, 
he is rather more unhealthy than carpenters (7*77), labourers (7-92), bakers 
(7*94), blacksmiths (8*36), grocers (8*4), fanners (8*56), weavers and cotton- 
spinners (9*1), and shoemakers (9 *33).! But he is healthier than butchers 
(9*62), miners (9*96), tailors (11 *62), and publicans (13*02). 

Influence of Age on the Mortality, 


The following table from Dr Balfour gives the results, excluding the 
depots : — 



Vndw20. 

20 and 
under 25. 

Per 1000 of Strength. 

25 and 80 and 

under SOs. under 35. 

35 and 
under 40. 

40 and 
upwards. 

1865-74 (10 years), 

3-03 

5-27 

6-35 

12-24 

17-55 

23-82 

1876. . 

3-58 

4-40 

8-68 

10-82 

17-24 

22-20 

Civil male popular) 

tion in England 

V7-41 

8-2 

9-21 

10-23 

11-63 

13-65 

and Wales, J 

Healthy districts, 

6-83 

7-3 

7-93 

8-36 

9-00 

9-86 


The number of soldiers under 20 years of age is so small that no conclusions 
can be drawn ; but it would appear that from 20 to 30 the mortality is favour- 
able to the soldier, but after that the proportion is reversed, and the soldier 
dies more rapidly than the civilian. And if to this we call to mind the in- 
validing from the army, it seems clear that a prolonged military career is 
decidedly injurious, either from causes proper to the career, or to personal habits 
engendered in it. 

, Causes of Mortality, 

In order to see the principal causes of the eight or nine deaths which occur 
annually among 1000 men, I have calculated the following table from Dr 
Balfour's most useful Keports : — 

* In France, in 1866, the mortality was— 

Per 1000 of Fopnlatlon. 

Tears. With Military Deaths. Military Deaths ezdoded. 

20 to 26, 10.12 10-1 

25 to 80, 9*5 9*47 

80 to 35, 9*7 9*68 

Vallia in Ann. d'Hyg. Jan. 1869, p. 74, The'year was, however, a choleraic year. 

f {»r Farr’s numbers, in the Supplement to the 25th Report of the Registrar-General, p. zvi. 
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Carnes of Mortality* 


Mortality per 
annum per 1000 of 
Strength (1867-71, 
5 years). 

Deaths in 100 
Deaths (1867-71, 

6 years). 

Deaths in 100 
Deaths (18A9-G6, 

8 years). 

Deaths in 100 
Deaths (1872-75, 

4 yuai-8). 


1 2-648 

80*26 

33*81 

28*0 

1 

1-46-2 

16-71 

9 01 

16*7 


•777 

8*88 

6 *.64 

i 

•698 

6-84 

6*82 

6-3 

1 -676 

6-58 

6*60 

6*7 

1 

•405 

4*63 

5*68 

4-4 


•288 

3*30 

3*03 

2*5 

•167 

1*91 

5-47 


•0b9 

•80 

•90 


.1*756 

2p-07 

22*55 

21*3 


Phthisis and tuber- 
cular hicmoptysis, . 
Diseases of heart and 


Pneumonia, . 
Violent deaths, 
Disecises of nervous 
system, 

Continued fevers, 
chiefly enteric, 
Suicides, 

Bronchitis, 

Delirium tremens, . 
All other causes, 


Tliis table must now be analysed more particularly. 

1. Tuhercidar Diseases. 

The deaths from phthisis and luemoptysis in the eight years ending 18G6 
averaged 3*1 annually j)er 1000 of strength, tlitj highest annual ratio being 
3*86, and the lowest 1*93. In 18G7-71 tlie mean mortality was 2-648 pC*T 
1000, in 1872-75, 2*34. In addition to this there was invaliding for 
phthisis, and thus a certain nuinher of deaths were transforrtjd from the army 
to the civil population. The following table sliows the exact luunher in four 
h.niiches of the service (two cavalry and two infaiitry) in seven yeai's. 

Taulb to sJioi.o the Deaths mid Invaliding per annum from Phthisis and 
Uamnptysis in Household Cavalrip Cavalry of the I/me^ the Foot Guards 
and Infantry of the Line {nuian of seven years, (1864-70). 


Phthisis and Inemoptysls, 
taken from Abstract in 
Appendix to Dr Balfour's 
Report. 

ITonsehold 

Cavalry. 

Cavalry of 
Line. 

Foot 

Guards. 

Infantry of 
Lino. 

Died per 1000, 
Invalided per 1000, 
Total died and in- | 
validcd per 1000, ( 

3*703 

8*234 

11*997 

1*416 

4*025 

5*441 

2-300 

9*491 

11*791 

2-120 

6*510 

7*630 


This table shows a considerable difference between the branches of the 
service ; the mortality and invaliding of tlie household troops are much the 
highest The mortality from tulxjrculosis of the infantry of the line is below 
the mean mortality of the army at largo ; the mortality of the cavalry of tlie 
lino below that of the infantry. 

J.t is quite clear (and the same thing is seen in tne earhest njcords) that 
there is an excessive rate of mortility and invaliding from phthias in the 
regiments serving in London, which points to some influences acting very 
injuriously upon them. During the later years, however, the mortality and 

♦ This table has been calculated from the numbers in Appndix I. of Dr Balfour's. Report 
in the Army Med. Department Blue Books (1859-71), ana from the subsequent volumes 
(1872-76.) 

+ The abridged form in which the statistics have been published since 1874 prevents these 
numbers being given in detail. The number of deaths from respiratory diseases would be 
about 14 in 1(K). 

2 Q } ] 
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invaliding in tho foot guards has decreased. In the four years ending with 
1870, the mortality was only 2-08, and the invaliding 8-213 per 1000 ; that 
the improvement has continued may he seen by the following table: — 


Table dmilar to one on page 609, far 5 years, 1871-75. 


Phthisis, &c. 

Household 

CavMlry. 

Cavalry of 
Line. 

Foot 

Guards. 

Infantry of 
Line. 

Depots, 

1873-75. 

Died ])cr 1000, 
Invalided per 1000, 
Total died and in- ) 
valided per 1000, J 

3-644 

3-662 

7-306 

1-736 

4-348 

6-084 

2-086 

6*818 

8-904 

2-096 

4*732 

6-828 

8-990 

8-237 

12-237 


From this table it may be seen that an improvement is decidedly taking 
place, excej)t in thci cavalry of the lino and the depots, tliere being a slight 
increase in the foriuei* and a very liigh and incivasiug rate in the latter. 

IIow tloes this mortality compare with that of the male civil population at 
the soldiers* ages ? 

Mortality from Phthisis, 


Male Civilians.* Ape. 


All England and Wales, 

20 to 25 

3-5 


2 r. „ 30 

4-0 

>7 JJ 

30 „ 35 

4-1 

77 , • 

.35 „ 40 

4-1 

7> * 37 

15 „ 55 

3-7 

37 37 

25 „ 45 

4-02 

London, .... 

15 „ 65 

4-5 

Worst districts in England, excluding hospitals. 

5-0 

Ecst districts in England, 

. 

• 1-96 

Tlie deaths in the army from phtliisis and luctnoptysis 

do not exceed tlie 


deaths in the population generally. They are, however, much greater than in 
the best districts in England, though fewer than in the worst. Ilut in the 
army there is invaliding also ; that is, men with a fatal disease are discharged 
into the civil population. Taking this into consideration, as expressed in the 
table just given, it seems certain that phtliisical dis€iase is in excess in the 
unny as compared with the male civil population, 

Did the anny sairer more from phthisis in former years than it does now ? 
The following table will answer this question : — 


Deaths from Phthisis 2 ^&r 1000 of Strength, 


Household Cavalry, 


Years 1830-4J(J 
= 7 years. 

7-4 

Years 1837-46 
— lU years. 
6-28 

Cavalry of the Line, . 

. 

5-29 

5-65 

Foot Guards, 

, 

. • 10-8 

11-9 

Infantry, 

■ 

. 

7-75 

Mean, 


. 7-83 

7-89 


During these two periods, which make a total of seventeen years, the 
mortality was 7*86 per 1000, and there was no decline in the later as com- 
pared with the earlier period. 


* Parliamentary Rotum of Annual Average Mortality during the Decennial Period, 1851-60, 
Feb. 1864 ; and Dr Farr’s Report to the Sanitary Commission, p. SO 7. 
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But as in the eight years ending with 1866 the mortality was only 3-1 per 
1000, there must have been an enormous excess of mortality in the earUer 
period, unless it can be explained in some way.* 

(a) In the earlier periods the mortality from chronic bronclntis was included 
in tlie phthisical inortaKty. If a correction is made for this, the mortality of 
tlie period 1859-1866 rises only to 3’3 ; so that will not explain the diliVirence. 

(b) Was the invaliding more active in the last period, so as to lessen the 
deaths occurring in the army below what would have taken phico Avithout 
invaliding ? I have not been able to learn the amount of invaliding in the 
earlier period, but I have been told there is no reason to think it was loss than 
subsequently, but, on tlie contrary, it was very large from the foot guards. 
Tliat invaliding (jaimot account for the dilference is seen by the facit that the 
annual deaths per 1000 in the seventeen years ending 1846 (viz., 7 ’86) were 
more numerous (in the cavalry and infantry of the lino) than deaths and in- 
vabding togetlier in tlie p(3riod of five years ending 1871. 

(c) The Limited Enlistment Act, by Avliicli a certain number of weakly men 
may possibly have left the army, has been in action in the last period. I 
cannot estimate the amount of this action, but it is in the highest degree im- 
probable tliat it has much direct effect ; for if a man of nearly ten years' 
service were ill Avith phthisis, he Avould be sure to get invalidfid, in order to 
enjoy liis temporary pension for two or three years, and would not simply 
take his discliarge. 

(</) The lessened age of the army at huge, if the Limited Enlistment Act 
has })roduced that effect, might perhaps have had some effect, as mortality 
from phthisis increases with age in the French army, and probably in our own ; 
but this would never account for the astonishing difference; for in the French 
army the increase from phthisis of the men over fourteen years' service, as 
cT)nq>ared Avith tliose under, is only one per 1000 of strength. 

I conclude; then, that tlioro Avas a greater excess of the disorganising lung 
diseases classed as phthisis in the earlier period (1830-46). The amount of 
jdithisis strongly attracted the attention of 8ir Alexander Tullocli and Dr 
Balfour in 1839. Tliey state that in the Equitable Assurance Company at 
that time tlie annual morhility (at the ages 20 to 40) from disease of tlie lungs 
was 3*4 per 1000 ; while in the years 1830-36 the mortality from disease of 
the lungs among the foot guards Avas no less than 14 *1 per 1000, of Avhich 
phthisis alone caused lO’S.f 

How does our army contrast Avith otliers 

In France tlie deaths from phthisis and chronic bronchitis together amount 
to 2*75 per 1000 of “ present," but some die “ cn conr/f and it is ]»robablo 
that there is at pinsent as much phthisis in the French as in our own army. 
Ill the Prussian anny the men arc also discharged early, so that comparison 
is difficult. 

In the Prussian army tlie mean yearly mortality from laryngeal and lung 
phtliisis was 1*28 per 1000 of strength (years 1846-63) ; in 1000 deaths 
there Avero 13 *5 7. I do not know the amount of invaliding. 

We may conclude, then, Avitli regard to phthisis — 

1. That it Avas formerly in enormous excess in the army over the civil 
population, and particularly in the foot guards; in other words, a largo 
amount of consnniTition was generated. 

* fn tlic 9 years ending with 1875 it was only 2*51 per 1000. 

+ In commenting on this fact the rep^niers say (Army Medical Report of 1839, p. 13)-- 
'* If tlie aggregation of a number of men into one apartment, even thmigh the apace is not very 
confined, creates a tendency to this disease, then it clearly points out the pi opriety of affording 
the soldier as ample barrack accommodation as possible." Thus, even at that time, it was seen 
that no other cause but overcrowding couhl account for the great amount of lung disease. 

• % 
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2. That there has heen a great decline of late yea»s, though there is still 
in all probability some excess, especially in the household troops. 

Wliat ai-e the causes of this phthisical excess in the years 1830-46. It is 
noticeable that in the earlier periods all affections of the lungs were also in 
excess, and we can readily see that a number of antecedents may combine in 
producing the result, and that destructive lung diseases may proceed from 
many causes. Still there must have been some predominating influence at 
work. 

The phthisis was not owing to climate, for that is unchanged. Moreover, 
we shall hereafter see that the same excess was seen in the Mediterranean 
stations and the West Indies. 

It was not owing to syphilis, for until late years, the amount* of syphilis 
has rather increased than diminished, whihi phthisis has lcssen(Kl. 

It was not owing to bad food, for the food was -the same in all the branches, 
and yet tin) amount of phthisis was widely different, llosidcs, the food has 
been conii)aratively little altered. 

It c.iTi liardly have heen the duties or clothing, for there has been 
no siifiiciont change in either to account for the alteration, unless the abolition 
of one of the cross-belts some years ago had some effect. But then this would 
have only aftbeted the infantry. 

It must have been some conditions acting more on the foot guards than 
in the liouseliold cavalry, and less in the line regiments ; also it must liave 
Tieen acting in the troops stationed in the Mediterranean and the West Indies, 
There is only ono.cQiulitioii common to all which seems callable of explaining 
it, and that the caush noticed in the liepori of 1839, viz., overcrowding. This 
condition was, and is still most marked in the barracks of the foot guards, 
ami least in the baiTacks of the cavalry of tlio line. It is the only conditi<jn 
•which has undergone a very decided change both at home and abroad. Tliis 
consideration, as well as those fonnerly noticed in the section on Air, seems 
tome to make it almost certain that tho breathing the foul barrack atmosjdioro 
was the principal, perhaps the only, cause of this great mortality from lung 
diseases. If tliis be so, it ahoAvs that the foot guards are still the worst 
lioused of any troops. 

2. Diseases of the Heart and Vessels. 

The fact that diseases of the circulatory system rank second as causes of 
death in the anny at homo may well surjuise us. It is marked in all arms, 
as miicli ill the artillery and cavalry as in tho infantry. The ratio per 1000 
of strength for the five years (1867-71) for all diseases of the organs of 
circulation was 1*462, and in those years out of every 100 deaths no less than 
16*7 were from disease of tho heart and vessels. In addition, tliere was a largo 
amount of irtvaliding from this cause. 

If tho^ fatal diseiises of the circulatory system of the five years (18G7-71)* 
are divided intp two classes, those referred to some disease of the heart itself 
^(chiefly chronic), ariJi those referred to aneurism (including an occasional rai*e 
return headed “ Degeueratio Aortic”), it is found that the deaths arc : — 


From 

cardiac disease, 

Per 1000 of Strength. 

•727 

In 100 Deaths. 

8-31 

From 

aneurism, 

•735 

8-4 


Total, . 

1-462 

16-71 


These numbers are higher than those of the nine years (1859-67), when 

* In the recent returns the ditforential diagnosis is not given. In 1875 the deatlis per 1000 
from diseases of the circulatory system, were 1*37, and the percentage of total deaths, 17*24. * 

« ^ 
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the mortality from circulatory diseases was only ’908 per 1000 of strength, and 
the percentage on the total deaths was 9. 

This mortality is in excess of that of the civil male population of the same 
age, especially as regards aneurism. Dr Lawson has calculated that aneurism 
is eleven times more frequent among soldiers than civilians j and h <5 has also 
calculated that among civilians, aged 15 to 44, the ratio of mortality from 
cardiac affections alone is -46 per 1000. The army, then, in the years 1867- 
71, had an excess of -277 ^gv 1000 of heart disease. Myers* statistics are 
confirmatory The amount of heart disease is greater among the foot guards 
than among the metropolitan policemen. Myers in his able treatise* ^ves the 
following numbers : — 

Died per 1000 Inrallded per 1000. 

Foot Guards, ... ‘8 3*2 

Police, . . . . .'29 1*37 

It is greater among soldiers than sailors ; from six years* observations 
(1860-65) Myers t makes the navy mortality * 66 , and the invaliding 3*44 jier 
1000 ; while in the army in the same years the mortality was *9, and the 
invaliding 5*26. 

If the different arms of the service are taken, the following numbers are 
given by the live years 1867-71 : — 



Cavalry of 
Guard. 

Cavalry of 
Line. 

Artillery. 

Foot 

Guards. 

Infantry 
of Line. 

Mtjan yearly strength, 

Total deaths from disease of the ) 
heart in five years, . . . j 

Total deatlis from aneurism in | 
five years, . , . . { 

Heart deaths per 1000 of strength, 
Aiieurismah deaths per 1000 of ) 
strength, per aiiiiiim, . . ) 

1,213 

1 

2 

•181 

•329 

8,468 

24 

37 

•666 

*873 

9,417 

67 

49 

1*210 

1*041 

5,749 

19 

20 

*661 

•696 

31,729 

73 

103 

*460 

•649 


The numbers in the household cavalry are so small, it is not safe to use 
thcmi ; but the other numbers are sufficiently largo to render it probable that 
the artillery show a larger proi)ortion of fatal cardiac and aneurismal cases than 
any other body of troops. The line cavaliy and line infantry both show 
rather an excess of aneurismal over heart deatlis 3 while the artillery show 
more lieart than aneurismal deaths, and in the foot guards the proi)ortion is 
eijuaL The point which comes out clearly from the table, in addition to the 
large amount in all, is the excess of both classes of deaths in the artillery ; that 
it is a real excess is seen by comparing the yearly number of the artillery and 
cavalry of the line who did not differ greatly in mean strength. The produc- 
tion of these diseases of the circulatory organs begins very early in -the military 
career. In 1860-62 I calculated out the causes of invaliding in 6856 men. 
Of these 1014 were under two years* service. In the whole number tt^e^per- 
centage of heart and vessel disease as the cause >of the invaliding was 7*7*; 
among the men under two years* service it was 14*23 per cent. As these men 
had presumably healthy hearts when they enlisted, the effect both of the 
military life in producing diseases of the circulatory organs, and the greater 
suffering from it of young soldiers, seems certain. The statistics in the 
Knapsack Committee*s Eeport confirm this. 

The cause of this preponderance in the army of diseases of the circulatory 

f * Diseases of Heart among Soldiers, by A. B. R. Myers, Coldstream Guards. London 
1870. 

t Diseases of Heart among Soldiers, 'p. 11. 
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organs is a matter of great importance. Whatever they may be, it is probable 
that they produce both the cardiac and the arterial disease. 

The two most common causes of heart disease in the civil population are 
rheumatic fever in young, and renal disease in older persons. The latter 
cause is certainly not acting in the army, and the former appears cpiite 
insuiRcient to account for the facts. A great number of the men who suffer 
from heart and vessel disease have never had acute rheumatism ; and if wo 
refer the affection to slight attacks of muscular rheumatism, which almost every 
man has, we are ccrtaiidy going beyond what medical knowledge at present 
warrants effect of lung disease in producing cardiac affections is also 

not seen in the army to any extent. 

The inllu(}nc(i^of sypldlis in producing structural changes in the aortic coats 
was noticed hy Morgagni. In 114 post mortem examinations of soldiers 
dying at JS'etkiy, Dr Davidson"*^ found 22 cases of atheroma of the aorta. Of 
those 17 had asy 2 )hilitic liistory, 1 was doiibtfid, and 4 had had no syi)hilis, 
but had heart and lung diseases. Of the whole 114 cases, 78 had no 
syphilitic liistory and had 4 cases of atheroma, or 5*1 per cent. ; 28 had a 
marked syphilitic history and 17 had atheroma, or no less than 60*7 per cent. 
This seems very strong evidence as to atheroma. With respect, however, to 
actual aneurism, no coiresponding analysis of cases has been made, and there- 
fore at jiresiiiit the effect of syjilulis must be considered uncertain > but it is 
quite clenr, evciii admitting its influence, there is no reason to think that 
syphilis pi’evails more among soldiers than among the civil male poindation 
of the same class. It is, therefore, unlikely that an excess of syiihilis, if it 
really occurs among soldiers, and if it actually jiredisposes to aneurism, as 
seems proliable, could jiroduce 11 times as many aneurisms as in civil 
persons. Myers has also given evidence that both in the army and navy 
aneurism is sometimes not preceded by degeneration of the arterial coats, and 
in these cases mere improper exertion seemed to produce it. 

The eflect of excessive smoking again has been assigned as a cause of the 
soldieris (jardiac disease ; but no one who knows the habits of many con- 
tinental nations, and of some classes among our own, could for a moment 
believe this to be the cause. 

Again, the effects of alcohol in constantly maintaining an excessive action 
of the heart, are so marked as to make it highly probable that this is a fact 
of great irn 2 )ortanco ; but soldiers do not cWnlc so much, as' com 2 )ared with 
civilians, as to lead us to think the cause can cXi)lain the i^revalence. 

There is, liowever, one cause which is continually acting in the case of 
soldiers, and that is the exertion (often rapid and long continued) which some 
of the duties involve.! The artillery hiive very heavy Avork ; often it is very 
violent and sudden, more so perhaps than in any other corps ; the "cavalry 
also have sudden w^ork at times ; and the infant^ soldier, though his usual 
labour is not excessive, is yet sometimes called upon for considerable exertion, 
and that not slowly, or with rests, but with great rapidity. And this exeriion 
is in all aims undertaken Avith a bad arrangement of dress and of equipments. 
The cavalry and ariilleiymen are very tightly clothed, and thongh the horse 
carries some of the burden, it is, I believe, undoubted that the men are 
overw^eighied. In the infantry, till lately, they wore very tight-fitting tunics, 
Avith collars made close round the neck, and trousers (which were often kept 
up by a tight belt ) ; there was a broad strap Aveighted below A\ith a heavy 

* Army Medical Department Report, vol. v. p. 481. 

+ For a full and nljlo discussion on all those points, and for additional evidence, I must refer 
to Mr Myers' excellent work. On the effect of exertion during war in causing cardiac hyper- 
trophy, I may refer to Dr Fz^tzel's paper in Virchow's Archiv, band Ivii. p. 215. 
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pouch and amnninitiott, crossing and "binding down the chest ; and there was 
the knapsack constricting the upi>er part of the chest, and hindering the air 
from passing into the proper lobes* 

The production of heart disease ought not to he attributed solely to the 
knapsack, as is sometimes done ; the knapsack is only one agency ; the cross- 
belt was probably worse, and the tight clothes add their influence. But even 
with the knapsack alone the eftect on the pulse is considerable, and one or 
two of my experiments may be given in illustration. Thus, four ’ strong 
soldiers carried the old regulation knapsack, service kit, gieatcioat, and 
canteen, but no pouch and no waist-belt (except in one man). The pulse 
(standing) before mai*ching was on an average 88 ; after 35 minutes it harl 
risen on an average to 105 ; after doubling 500 yards, to 139, and in one of 
the men was 164, irregular and uneciuaL After the double they wore all un- 
lit for further exertion. In a fifth man, who was not stroiig, the 35 minutes’ 
marching raised the pulse from 120 to 194; after doubling 250 yards he 
stopped ; the i)iilse tlien could absolutely not be felt In another series, the 
average pulse of four men, with the knapsack only, was 98 (standing), after 
one hour’s march, 112 ; after their doubling 500 yards, 141. If the pouch 
with ammunition is added the effect is still greater. I have taken tlie pulse 
and respiiations after long marches, and found the eftect still moi*e marked. 
Walking, of course, will quicken the pulse and respiration in any man, but 
not to such an extent, and the sense of fatigue in unincuml)ered men is much less. 

In tin? Icctura, formerly alluded to,^ my coUeagiu?, Dr Maclean, put this 
niatto most forcibly b(?foro the authoriti(?s, and 1 believe he is quite jiistifl(?d 
in the expression that one gr(?at cause of the cardiac (and perhaps of the aortic 
and pulmonary) disease in tlie army is to be found in exertion carried on 
jiiniler unfavourable conditions. 

Happily, much has been lately done by the authorities to n?niove this cause ; 
but stiU, especially in the artillery and mounted service,! changes appear to 
be necessary, and in all arms it is desirable tliat officers should allow their men 
to <lo their work under the easiest conditions, as regards c.lotlies, Avoights, and 
attitudes, consistent Avith military discipline and order. 

3. The Nervous Diseases. 

Tlieso form a very heterogeneous class : apoi)lexy, meningitis, paralysis, 
mania, &c., are the chief headings. The ^proportion to 1000 of stiength is 
about *6, and 6 ’6 deaths of every 100 are owing to nor\"ous diseases. As 
among the mal(? civil population (ages 25 to 35) the deaths are also 6 ’6 per 
cc?nt. of totiil deaths, soldiers do not appear to suffer more. 

4. Pneumonia and Acute BroncMtis.X 
Table to show the admissions and deaths per annum per 1000 of 
strength, years 1859-71 (13 years). 



Pneumonia. 

Acuto BronelTltia. 


Admissions. 

Deaths, 

Admissions. 

Deaths. 

Average, .... 

Highest in thirteen years,. 

5*25 

•C41 

55-65 

•227 

7-13 

•741 


•3S 

Lowest in thirteen years, 

3-49 

•423 

[‘39-10 

•08 


* * Royal United Service lustifriition Journal, 1863, vol. viii. 

t The cardiac diseases are of the most varied kind. I have seen at Netley, in Dr Maclean's 
wards, in one hour in the suimner, when the hospital is full, almost all tlie combinations of 
heart affections. It has appeared to me that if anything gives the tendency to heart affections, 
tlieu the dress and tlie accoutrements come in as accessory causes, and prevent all chance of 
cure. In some cases there is no valvular disease, and not much hyiiertrophy of the heart, but 
a singular excitability, so that the heart beats frightfuUy quick on the least exertion. 

$ Separate data are not published for the later years.^ 
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The acute inflammatory diseases of the lungs give, therefore, a mean annual 
mortality of ’856 per 1000 of strength* * * § 

In the French army pneumonia gives a lower, and acute bronchitis a higher, 
mortality than in our own, but this is perhaps a mere difference of nomen- 
clature. 

The opinion that the military suffer more than the civil population from 
pneumonia is an old one. It is also generally believed that they suffer less in 
the field than in gari'ison. I have been unable to find statistics that satisfy 
me as to the amount among the civil population. In the European population, 
generally, Ziomssen * gives the deaths from pneumonia as 1 *5 ; and Oester- 
len,f 1*25 per 1000 ; but this includes all ages, and both sexes. Among men 
alone it is certainly greater than among women. In London, in 1865, the 
mortality from pneumonia, between the ages 20 and 40 (both sexes), was 1 
per 1000 population. J 

If this be correct, the mortality among soldiers is below the civil mortality, 
or soldi(*rs are less subject than civilians ; for, as men are more suTiject to 
2 )neumonia than women, the mortality among the civilian males would be 
greater than 1 per 1000, but the military mortality is only *641. The 
mortality among the army pneumonic cases (deaths to treated), amounts 
(avemge of thirteen years) to 12*18 per cent.,§ and as this is very nearly the 
civil proportion, every 1000 of population in London gave nine cases of 
j^neiimonia, while 1000 soldiers gave only five. It may be said, however, that 
London is not a fair test ; but as a place of residence for soldiers it does not 
appear to predispose to pneumonia, as will be seen from the following table : — 

Per lOOd of Strength, 
years 1864-71. 

Foot Guards Infantry in the 
in London. Kingdom generally! 

Admissions from pneumonia, • .. '3*75 6*06 

Deaths from pneumonia. . * *44 * *66 

The mortality to cases treated in the five years 1867-71 was, in the Guards, 
10*68, and in the infantry, 11*7 per cent. 

Although I do not see that pneumonia (and acute bronchitis ?) are more 
common or more fatal among soldiers serving at home than among civilians, 
the above figures show what a fatal disease pneumonia is, and how worthy of 
renewed study its causes are. 

5. The Glass of Oontinued Fevers, 

The returns do not carefully distinguish the several forms, but practically 
the majority of the fatal cases of continued fever ” are from enteric 
(typhoid) fever. 

There has been a great decline in this class of late. In the ten years 
(1837-46) the average admissions were 62, and the deaths 1*72 per 1000 of 
strength. In the eight years ending 1867, the admissions averaged 22, and 
the deaths *5 per 1000 of strength. In 1871 there were only 80 cases of 
enteric fever and 22 deaths in the whole army of 87,000 men. In the four 
years ending 1875 the mean total deaths from continued fever were 0*37 per 
1000, and they amounted to 4*4 per cent, of the total deaths. 

This mortality is decidedly below that of the male civil population of the 

* Monats-Bl. fUr Med. Stat. 1857, and Schmidt's Jahrb. 1862, No. 3, p. 837. 

t Med. Statist. 2d edit. p. 667. 

i Vacher. Sur la Mort. en 186^ Paris, 1866, p. 137. 

§ In thirteen years there were 4826 cases treated, and 588 deaths, or 12*18 deaths per cent. 
In Canada, the deaths to admissions were only 7*13 deaths per cent, (average of twelve years 
ending 1870.) 
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same age, which amojints to 9 ’6 per cent of total deaths, and very nearly 1 
per 1000 of population. 

During late years no points have been more attended to in the army than 
pure water supply and good sewerage, and we see the results in this very liir^e 
diminution of deaths from the rate of the former period, and in the fact that 
in this particular class of disease the soldier is far better off than tlic civil 
population. So also the cholera of 1866 passed very lightly over the army at 
home (only 13 deaths out of 70,000 men), although in former epidemics the 
army suffered considerably. 

The decline of enteric fevers confirms most strongly the doctrine of its in- 
timate dependence on bad sewage arrangements. 

The greatest amount of typhoid fevers in the army is in the garrisons in the 
seaports, the least in the camps. 

The other classes of disease causing mortality need no comment Chronic 
bronchitis is no doubt to be cliiefly referred to phthisis (using that term as a 
generic word to include various disorganising lung diseases), and delirium 
tremens is a return which will, no doubt, gradually disappear. 

The smaller items of mortality, making up 22 out of every 100 deaths, are 
various ; erysipelas, pyaemia, syphilis, hejmtitis. (in men from foreign service), 
enteritis, rheumatism (from heart complication probably, but returned 
as rheumatism), diabetes, ebriositas, scarlet fever, and diphtheria, are a few of 
the many causes which carry off a small number every year. The cancerous 
and kidney diseases arc very few, as we might expect from the age of the men. 

To sum up the case as regards the present mortality on home service, it may 
be stated that for the last sixteen years (up to 1875) there has been some 
lessening, but no great fall in the number of deaths. There is still much to 
*lie done in respect of preventing disorganising lung disease, disease of the 
circulatory oigans, and even fever, for we ought not to be satisfied until the 
term enteric fever is altogether obliterated. A renewed study of the causes 
of pneumonia is also necessary, in order to see if some way or other the attacks 
of that fatal disease cannot bo lessened. There is no reason to think that we 
have yet touched the lowest possible limit of preventable disease ; but, on the 
contrary, we can see clearly that the soldier, comparatively healthy as he is, 
may be made more healthy stilL Some evidence in support of such a view 
may be found in the fact, that both at Gibraltar and in some of the West 
Indian stations the mortality has been lower in some years than it has ever 
been at home. But there is no reason why the home mortality should not 
be reduced to the standard of those foreign stations. 

An important question now arises — ^Why, after thirty years of age, should 
the soldier die more rapidly than the civilian, though for the first ten years of 
his service he has a smaller mortality. The causes may be foreign service, 
bad social habits (^,e., excess of drinking and syphilis, or other effects of en- 
forced celibacy), night duty, exposure on guard, and prolonged influence of 
impure barrack air. But to which of these the Jesuit is owing could only be 
determined by accurate statistical inquiries of the causes of mortality at the 
older ages. We do not know these, and it is of no use to discuss a topic on 
which sufficient facts are not available. 

J3. Loss OF Strength of the Army by Invaliding. 

The amount of invaliding is influenced by other causes than mere 
inefficiency of the men ; sometimes a reduction is made in the aimy, and the 
opportunity is taken to remove weakly men who would otherwise have 
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continued to serve. This was the case in 1861. As invaliding greatly affects 
the mortality of the army, a source of fallacy is introduced which it is not 
easy to avoid. 

‘ During the seven years (1860-66), there were invalided every year nearly 
37 men out of every 1000, thus making a total loss hy death and invaliding 
from disease of nearly 46 men per 1000, or about one-twenty-second part of 
the whole force. In 1867 the invaliding was lower, viz., 22*18 per 1000.* 
The causes of the invaliding were very cari'iully ascertained hy Dr Balfour, 
and inserted in his reports, and the work is continued under his successor. 
Speaking in round numbers, phthisis and scrofula account for about one-fourth 
of the invalids, and if clironic bronchitis is included, for nearly seven-twentieths, 
the two items of hypertrophia cordis and morbus valv. cord, account for one- 
tenth and chn)riic rheumatism for one-foiu*teeiitli. The three nervous diseases 
of amentia, juania, and epilepsy always cause a largo number of invalids, 
amounting nearly to one-tenth, or almost the same as the two classes of heart 
diseases. iUl the other items are smaller. In men invalided under one year's 
service ntiarly one quarter are so from epilepsy ; the remaining chief causes 
are j)]ithisis and diseases of the circulatory organs. It is probable that the loss 
from invaliding will continue to dimmish as a consequence of the short 
service system, 

SECTION II. 

LOSS OF SERVICE FROM SICKNESS PER 10()0 PER ANNUM. 

(a) Nninher of Admifimom into Hospital . — On an average 1000 soldiers 
furnish mther under 1000 admissions into hospital per annum ; 833*5 in ten 
years (1865-74). The number varies in the different arms from about 600 
in tlic HoiiselioJd Cavalry, which is usually the lowest, to about 1100 in the 
Cavalry and Artillery Depots, In the first cas(5 the steady^ character of the 
men, many of whom are married, and in the second the frecpiency of con- 
tusions during drill, accounts for this great range. In tlui Infantry tins 
average is from 850 to 1020. In 1875 the highest was 1232 in a battalion 
of the Guards, and the lowest 422 in a line regiment just returned from the 
Cape : the mean was 752. 

The number of admissions remained tolerably constant for twenty-five 
years, but during late years has been sensibly declining. 

The ail missions in the French army are not comparable with ours ; slight 
cases of si(;kness (which with us are often not recorded) are treated in barracks 
(fb la chamhre)^ severer, but still slight, cases in the infirmaries, bad cases in 
the general hospitals. The mean of five years (1862-66) gives 2028 total 
admissions per 1000 “ present.” The admissions to the infirmaries in France 
(in 1866) were 323 per 1000 “present;” to the hospitals, 306; making a 
total of the severer cases of only 629 per 1000 in that year. This shows 
how many slight cases there arc in the French anny. In the eight years 
(1862-69) the mean number of slight cases in Franco was 1745 per 1000 
(Morache). \ 

In the Pmssian army the average admissions (mean of 18 years, 1846-63) 
were 1336. In 1867 then', were 1125*6 per 1000. In 1873-75 it was 750, 
and in 1876 only 620 (Roth). 

* In ten years, from 1865-74 tlie mean number invalided was 22*21 per^OGO of the whole 
army, and 27*39 of the troops in the United Kingdom, making with deaths a loss for the whole 
araiy of 36*71, and for the United Kingdom 36*45 per 1000. The numbers for 1875 were below 
the average; viz., invalided from the whole army 19*80. from the United Kingdom 26*80, or, 
respectively, with deaths, a loss of 32*27 and_36*16. This is only about ,^^th to ^^th of the 
force. 
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(h) Bath/ mimhar of Sick in Hospital per 1000 of Strength, — About one- 
twenty-fifth of the army (average of ten years, 1865-74) is constantly sick in 
time of peace, or 4 j^er cent. 

It is not possible to compare the army sickness with the civil population, 
or even with other armies. 

In England, the number of members of friendly societies, between twenty 
and thirty years of age, who are constantly sick is nearly 16 per 1000. 

In the Kreiich army, the mean sick in hospital are 29 per 1000 present ; in 
both hospital and infirmary, 50 ; in the Prussian, 44 (in 1876 oidy 25*5) ; in 
the Austrian, 45 ; in the Belgian (1859), 64*2; in the Portugese (1851-53), 
39*4. 

The number of daily sick has, of course, a wide range ; sometimt's an 
hospital is almost closed, at other times there may be more than 100 sick per 
1000 of strength. 

{c) Numher of Days spent in Hospital per head in each 1000 of Strength , — 
The number of days* service of. a battalion 1000 strong in a year would bc'of 
course (1000 X 365 = ) 365,000. If we assume the average number of sick 
to be 40| per 1000, there are lost to the State (40^x 365 = ) 14,782 
days* service per annum, or 14| days j)er man. As already said, it is diflicult 
to comi)are the sickness of soldiers and civilians, but the al30ve amount seems 
large when we remember that, in the friendly societies, the avemge sickness 
per man j^cr annum (under forty years of age) is less than seven days. 

Mean Duration of Gases of Illness, — ^The number of days each si(.*.k man is 
in hospital (mean duration of cases) is rather greater (17*8) as the number of 
admissions is below the strength. 

It can be most easily calculated as follows : multiply the mean daily 
jiumber of sick (sick j^opulation) by the num])er of days in tin*, period, and 
divide by the cases tivated. The number of cases treated ** is the ia(?an of 
the admissions and discharges in the period. 

Austrian anny, 17 to 18 days. French d la clmmhr(\ 3*10 days. 

French at home, all cases (1862-66), Prussian (1859-63), in hosj^itals, 18*9 

7*97 days. days. 

French in hospitals only (1862-66), Belgian, 23*6 days. 

26*3 days. Portuguese, 19 days. 

French in infirmary, 12 days. 

(a) Mortality to SicJcncASS, — This is, of course, a dilFeront point from that 
of the relation of mortality to strength. A few cases of very fatal illness 
may give a large mortality to cases of sickness, hut the mortality to strength 
may he very small. 

The mere statement of the ratio of mortality to sickness gives little in- 
formation ; what is wanted is the mortality of each disease, and at evciy agii. 
Otherwise the introduction of a numher of trilling cases of disease may com- 
pletely mask the real facts. 

When, however, the general ratio is to he determined, it must be 
calculated in one of three ways : — 

1. Mortality to admissions in the time. This is, however, an uncertain 
plan ; a numher of cases admitted towards the close of a period, and the 
greater part of whose treatment and mortality falls into the next period, may 
cause an error. 

2, Mortality to cases treated (=mean of admissions and discliarges).* 
This is the host method of calculation. 

* It has not infrequently happened that the mortality on sickness has been calculated in this 
way ; the numher of sick I’emtunbig in hospital at the commencement of the peiiod, say a year,. 
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3. Mortality to sick population, the number of , deaths furnished per 
annum by a daily constant number of sick. This, however, must be taken in 
connection with the absolute number of sick in the time, and with the dura- 
tion of the cases, or, in other words, with the kind of cases. 

The degree oi mortality to the several causes of sickness was given very 
fully in the Anny Statistical Heports, up to the year 1873, since which time 
the detailed I’eturns have been discontinued. 

Calculated on the admissions, the mortality to total .sickness in the English 
army at home is a little above the mortality to strength, or about 1 1 ‘3 per 
1000 per annum (1865-74). In the Prussian army it was 7’25 (years 
1846-62) 3 in 1872 it was 7*7.* 

Causes of Sickness. 

The causes leading men to go into hospital are, of course, very different 
from those wliich jnoduce mortality. For example, admissions from phthisis 
will bo few, mortality great ; admissions from skin diseases numerous, 
mortality tidfling. 

Taking the most common causes of admission in the order of frequency, we 
find — 

1. Venereal I}iseases (see page 500). — ^Undcr the term Venereal, all diseases, 
immediate or remote, resulting from sexual intercourse, are included. Se- 
condary as well as primary syphilis ; stricture and orcliitis, as well as 
gonorrluea, &c. 3 also a few cases not strictly venereal. The primary venereal' 
forms are, however, of the most importance. 

At p. 506 will bo found tal)lea showing the admissions from primary 
venereal sores and gonoiTham. In stations under the Contagious Diseases 
Act, 1000 men give 33 admissions from the former and 68 fium the latter^ 
In stations not under the Act, the amount of gonorrhoea is 30 percent, higher, 
and syphilis is more than doubla There are other admissions from secondary” 
and tertiary syphilis, which somewhat increase the total admissions. 

Wo have no certain facts with which wo can compare the syphilitic disease 
of the civil poj)ulation with that of the army. The amount among the civil 
])opulation at large is really a matter of conjecture. But whether it is greater 
or less than that of the army does not affect the result drawn from the above 
figures, viz., that there is an appalling loss of service every year from the im- 
modiato or remote effects of venereal disease.! 

It should be understood, also, that the action of syphilis is long continued. 
Many soldiers die at XetleyJ from various diseases, whose real affection has 
been syphilis, so that the influence of this cause is very imperfectly indicated 

are added to the admissiona in the year, and the mortality is calculated on this number. At 
the end of the year a certain number of sick remaining in hospital are carried on to the next 
year, and arlded to the admissions of that second year for the calculation of the mortality of 
that year. In this way they are counted twice. Tliis has been done in calculations of weekly 
mortality, and in this way the same sick man has been made to do duty as a fresh case manv 

— m.c., 4..^ 1 ,« V.,, 4.1 j ^ 
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taking half the admissions and half the dischat^es in the period as representing the ** cases 
treatetl ” in that time. 

♦ For numerous statistical details of foreign armies see Roth and Lex. op, dt. voL iii. p, 411 
•iseq. * ^ 

f The order issued in 1873, directing stoppages to be made from men in Hospital affected 
With venereal disease, was a most unfortunate one, as giving every inducement for the conceal- 
ment of disease. 

^ My colleagues, I^fessors Maclean and Aitken, are both very much impressed with the 
frequent occurrence of marks of continued and dominant syphilitic action in tne bodies of men 
woo cue from what ore considered other diseases. 
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by tho number of adjnissions and service lost under the head of enthetic 
diseases. 

General Diseases. — Tho important diseases included under this class give 
one-fourth of the total admissions, or about 205 per 1000 (1869-74). 

{a) Eruptive fevers are not very common, about 3 per 1000. Smallpox is 
checked by vaccination ; measles and scarlatina are not frequent. 

(b) Paroxysmal fevers (many of which have been contracted out of England), 
give about il per 1000. 

(c) The continued fevers are more common, but their frt'qucncy is lessening. 
There is no doubt that typhoid is the chief, perhaps almost the orily fever 
besides fcbricula which is now seen. Spotted typhus is at present uncommon. 
The continued fevers cause about 22 admissions per 1000 of strength. In 
1866 there was only 15 admissions per 1000. During the List few years there 
liave been some cases of corebro-spinal meningitis. 

(d) Eheumatism gives 50, dysentery and diarrhoea 25, sore throat and 
influenza 50, and ophthalmia 20 to 25 cases per 1000 of strength. All these 
diseiises are declining in frequency. 

3. Integiiwmitary diseases usually give the next greatest number of admis- 
sions — viz., from 100 to 130 (97*6 in 1869-74). This does not include 
scabies, but is made up of a great number of cases returned as phlegmon and 
ulcers (which appear to be rather more common among the cavfilry and 
artillery), and a much smaller number of cases of eczema, herpes, psoriasis, 
and impetigo. 

4. Diseases of tho respiratory organs (excluding tul)erculosis) give the next 
largest number — viz., from 75 to 110 per 1000, tlie mean b()ing nearly 82 for 
1869-74. Of the 100 cjises acute bronchitis gives 66*5 per cent. ; chronic 
T)ronchitis 16*5 ; and pneumonia and pleurisy each 8*5 per cent, (nearly). 

* 5. Accidents follow with from 70 to 100 admissions per 1000 of sti*ongth. 
Contusions * are much more common in some regiinents than in others, 
ospecdally in the artillery and cavalry depots, where recruits are in training. 

6. Diseases of the digestive system cause about 100 admissions ; dysj)epsia 
is the chief heading ; then chronic hepatitis (although it is veiy questionable 
if this term is not a conventionalism), and liEemorrhoids. 

7. Parasitic diseases come next, with an average of about 30 or 40 
cases per 1000 ; which are made up of scabies, and a smaller amount of 
“ porrigo.” 

8. Diseases of the nervotts system give about 15 to 20 per 1000. Epilepsy 
gives the largest number ; tlien otitis ; then cephalica. 

9. Tubercular diseases cause about 18 admissions per 1000. 

10. Diseases of the r&prodmiive {venereal excluded), locomotive^ and 
urinary systems, give 6, 3|, and 3 admissions per 1000 of strength. 

11. Tho remaining admissions are made up of smaller classes. 

Can the causes of any of these admissions into hospital ho lessoned or 
removed? On this point there is no room for doubt that llie venereal 
admissions could be gi*eatly lessened ; so also ^could the admissions from 
fever, which have in fact been already reduced from 60 to 22 per 1000 of 
strength. The large cLiss of integumentary diseases would probably admit of 
reduction. What is the exact nature of the phlegmon and ulcers which form 
so large a proportion of the admissions ? Trifling as the cases are, they fonii 
a largo aggregate, and a careful study of their mode of production might shoiv 
how they might bo diminishetL Probably, howaver, these are mere conven- 
tional terms, under which a number of trifling cases are convenfently recorded, 
but a complete analysis of the returns, of one year under phlegmon would bo 
desirabla So also of all the other classes, it may be concluded that an active 

* j 
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medisal officer might succeed in reducing the cases of rheumatism, bronchitis, 
and dyspepsia.* Many cases of acute respiratory diseases are produced by 
exposure on guard, especially by the passage into and from the hot close air 
of the guard-room to the open air on sentry duty. Good additional overcoats, 
moans of drying the clothes, 'and proper ventilation of the guard-rooms, would 
probably lessen tlie cases of bronchitis and pleiuisy. 

SichnesH in MlUf ary Prisons. — Tlic admissions into hospital in the military 
prisons do not appear to be gi'eat; they have varied per 1000 of admissions 
of prisoners from 316 (in 1851) to 725*5 in 1863.t Calculated in the mean 
strength, tlie result is as follows : — In 1863, the daily average number of 
prisoners were 1064 ; the admissions for sickness, 722 ; the mean daily sick, 
21; the mortality, 0. Those numbers give 725*5 admissions, and 19*74 
mean daily sick per 1000 of strength. Prisoners are .healthier than their 
comrades at duty in the same garrisons where the prisoners are under 
sentence. 

SECTION III. 

Such, then, being tlio amount of mortality and sickness at home, it may 
be concluded tliat the soldier at present is not yet in so good a condition of 
physical health as he might be ; and we can confidently look to future years 
as likely to show a continuance in the improvement now going on. In future 
ytvars, howev(‘.r, the new system of limited service will render it difficult to 
trace the progriiss in the infantry. 

Health is so inextricably blended with all actions of the body and mind, 
that the medical officers must consider not only all physical but all mental 
find moral causes acting on the men under their charge. 

The amount of work, the time it occupies, its relation to the quantity ofi 
food, the degree of exhaustion it produces, the number of nights in bed, and 
other points of tlie like kind ; the mental influences interesting the soldier, or 
deprcjssing liim from enmii ; the moral effect of clieerfulness, hope, discontent 
and despondency upon his health, as well as the supjily of water, air, food, 
clotliing, must be taken into account. And just as the body is 

ministered to in' all these ways, so should there be ministration of the mind. 
It is hut a partial view which looks only to the body in seeking to improve 
health ; the monil conditions are not less important ; without contentment, 
satisfaction, cheerfulness, and liope, there is no health. 

ILygieiie, indeed, shoidd aim at something more than bodily liealth, and 
should indicate how the mental and moral qualities, essential to the particular 
calling of the Jiiaii, can be beat developed. 

How is. a soldier to be made not merely liealtliy and vigorous, but courage- 
ous, hopeful, and enduring 1 How, in fact, can we best cultivate those martial 
qualities which fit him to endure the hardships, vicissitudes, and dangers of 
a career so chequered and perilous] 

Without attempting to analyse the complex quality calldQ courage — 
a quality arising from a sense of duty, or love of emulation, or "fear 
of shame, or from^ physical hardihood, springing from familiarity vdth 
and contempt of danger,— it may well be believed that it is capable of being 
lessened or increased. In modem armies, there is not only little attcunpt 
to cultivate courage and self-reliance, but the custom of acting together in 

* It is right, however, to say that no medical officer ought to sacrifice his men in the slightest 
degree for the pun)ose of appearing to have a small sick list and an empty hospital. Tliero is 
a temptation in that dirwtion which we have to guard sgainst, and to remember that the only 
quesnon to be asked is. What is the best for the men? not. What will make the best appearance ? 

*}• Report on Prisons for 1863, p. 24. 
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masses, and of dependence on others, actually lessens tliis. It is, 
then, a problem of groat interest to the soldier to know what mental, moral, 
and physical means must bo used to strengthen the martial qualities of bold- 
ness and fortitude. 

The English army has never been accused of want of courage, and the idea 
of pusillanimity would seem impossible to the race. But drunkenness and 
debauchery strike at the very roots of courage ; and no army ever showed the 
highest amount of martial qualities when it pennitted these two vices to pre- 
vail.* In the army of Marlborough, the best governed army we over had, 
and the most uniformly successful, we are told that the “ sot 'and the 
drunkard were the objects of scorn.” To make an army perfectly brave, it 
must be made temperate and chaste. 

Good health and physical strength, by increasing self-confidemce, increase 
courage ; and self-reliance is the consequence of feeling that, under all cir- 
cumstances, we can face the dangers and difficulties that prtisent themselves. 

Few wiser words were over written than those hy William rergusson,t at 
the close of his long and eventful service. 

“ Of the soldier’s life within these barracks,” writes Eergiisson, there is 
much to be said, and much to he amended. To take his guards, to cleanse 
his arms, and attend parade, se(ims to comprehend the sum total of his exist- 
ence ; amusement, instruction beyond the drill, military labour, and extension 
of exorcises, would appear, until very recently, to be unthought of ; as it is 
impossible that the above duties can fully occupy liis lime, the irksomeness 
of idleness, that most intolerable of all miseries, must soon overtake him, and 
he will be driven to the canteen or the gin-shop for relief. 

“ Labour in every shape seems to have been strictly interdicted to the 
soldier, as water for his drink. All, or nearly all, must have bc(ui bred to 
some trade or other before they became soldiers ; but they arc work for them 
no longer. • Labour (the labour of field-works and fortifications) strengthens 
the limbs and hardens the constitution, but that is never thought of in our 
military life at home ; so thought not the ancient Eomans, wliose military 
highways still exist, and who never permitted their soldiers to grow enervated 
in idleness during peace. Better, surely, would it bo that every one should 
work at liis own craft, or bo employed on the public works, in regulatoil whole- 
some labour, than thus to spend his time in sloth an i drunkenness. But his 
exercises, without even going beyond tlie barrack premises, may be niado 
manifold — running, wrestling, gymnastic games of every kind, swimming, 
leaping, pitching the bar, the sword exercise (that of the artillery), all that 
hardens the muscles and strengthens the limbs, should be encouniged ; and 
when the weather forbids out-door pastimes, the healthy exercise of single- 
stick, in giving balance and power to the body, quickness to tlie <we, and 
vigour to the arm, may properly bo taken as a substitute for the drill which, 
after the soldier has been perfected in his exercise, is always felt to he a 
punishment.-*^ So is the unmeaning evening parade and perpetual roll-calling. 

“ Foot-racing too, the art of running, so little practised, and so siipi’cmely 
useful, should bo held amongst the qualities that constitute military excellence. 


* There are many sober and excellent men in the army. But as a rule, the English soldier 
cannot bo depended upon under any circumstances, if he can get drink. Well does Sir Ranald 
Martin, say, ** Before that terrible vice can be overcome, something far more powerful than 
medical reasoning on facts, or the warnings of experience founded on them, must be brought 
into active operation. Discipline must still further alter its direction : — in jdace of being active 
only to punish wrong, it ought and must be exerted further and further in tlie encouragement 
to good conduct."— haiuUd Martw^ ** Tropical Climates*' p. ‘263. 

*1* Notes and Hecollectious of Professional Life, 1846, p. 49. 
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It wjis so hold at the Isthmian games of ancient Greece^ and deserves a better 
place than has hitherto been assigned to it in the military pastimes of modern 
Britain. In our school-books we are told that the youth of ancient Persia 
were taught to launch the javelin, to ride the war-horse, and to speak the 
truth. Let the young British warrior be taught to use his limbs, to fire ball- 
caitridge, to cook his provisions, and to drink water. The tuition may 1)0 
less classical, but it will stand him in far better stead during every service, 
whether at home or abroad. 

“ Begidar bodily pleasurable exercise has been said to bo worth a host of 
physicians for preserving military health ; and occupation without distress or 
fatigue is happiness. The philosopher can make no more of it ; and every 
idle hour is an hour of irksomeness, and every idle man is, and must be, a 
vicious man, and to a certain extent an unhealthy one.” . 

In many of the foreign stations of the British army, excellent opportunities 
exist for both occupying the men and developing their spirit All history 
teaclios us that a hunting race is a martial one. The remarkable fighting 
(pialities of the English, as drawn in Froissart’s “ Chronicles,” were Giving to 
the fact tliat at that time they were “ a nation of hunters,” and trained from 
infancy to face dangers alone. In India t]iei*e arc many places where men 
could not only be allowed to hunt, but where such permission would be the 
greatest booii to the inhabitants. 

The English amiy has hitherto offered but few incentives to good conduct, 
and scanty encouragement for the cultivation of martial qualities. Men must 
have rewards, and feel that earnest endeavour on their part to become in all 
respects better soldiers is neitlier overlooked nor unrewaixlod. The now 
order of things introduced by Lord Cardwell seems likely to open up means 
of progress for men who can acquire knowledge and to deserve advancement. 

The cultivation of the martial qualities of the soldier is in reality a part of 
hygiene considered in its largest sense, but this part of hygiene must bo 
studied and carried into effect by the combatant officers. Let ns trust it may 
not be long before they seriously study and endeavour, by precept and 
example, to promote the formation of those habits of boldness and endurance, 
and that fertility in resources, which are as necessary as technical knowledge 
to render an army the formidable instrument it is capable of becoming. 
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The foreign service of the British army is performed in every part of. the 
world, and in almost every latitude, and probably more than two-thirds of 
each line soldier’s seivico is passed abroad. The mere enumeration of the 
stations is a long task ; the description of them would demand a large volume. 
In this short chapter, to give a few general statements as to climate and 
geology, and tlio past and present medical history of the stations, only can b(i 
attempted ; such an outline as may give medical officers a sort of brief 
summaiy of Avhat seems most important to be known. 

Detailed and excellent accounts of most of the foreign stations exist, cither 
in th(3 independent works of army surgeons, such as those of Marsliall, 
Hennen, Davy, and many others, or in reports drawn up for Goveniment, and 
publislied by them. In the early Statistical Eeports of the Medieval Depart- 
ment of the army, short topographical notices of the stations were inserted ; 
they are modiils of what such reports should be, and must have liceii drawn 
up by a master in the art of condensation. In the Annual Reports now 
publislied, many excellent topographical descriptions will bo found ; and some 
of the Indian Governments have published complete descriptions of all their 
stations. Irv the “ Bombay Transactions,” the “ Madras Medical Jounial,” 
and tlie Bengal Indian Annals,” arc very full accounts of almost every 
station that has been, or is, occupied by European troops in India. Finally, 
in the “ Indian Sanitary Report ” Is much iinportint infonnation on the 
meteorology and topography of the present Indian stations. Young medical 
officers first entering on foreign service are strongly advised to study these 
accounts of the stations in the command where they are serving ; it will not 
only give tliem interest in their service, but will aid them in their search how 
best to meet the (dimatic or sanitary conditions which affect the health of the 
men under their charge. 

SECTION I. 

MEDITERRANEAN STATIONS.* 

Gibraltar. 

Usual peace garrison = 4500 to 6000 men. Period of service, three years. 
Civil population = 18,695 (in 1876). Height of rock, 1439 feet at highest 
point. Nature of rock, grey limestone, with many cavities fillod with reddish 
clay ; under town, an ahsorlDent red earth forms the subsoil. 

Climate , — Mean temperature of year =64-1 ;t hottest month, August (in- 
variably in eight years) = 76*6; col dest month, either January or February, 

* A very immrtaiit Report on the Mediterranean Stations has been published by the Barrack 
Improvement Uommissioners (Dr Sutherland and Captain Galton ). — Blite Booky 1863. 

t Mean of eight years* observations by the Royal Eiifjineers (1853-60), as given in the Bar- 
rack Commissioners* Blue Book (1863). The numbers given by Dove are rather different, viz., 
mean of year 66®. Hottest month, July, 79®*5. Coldest month, Februarv, M®*6. Mean yearly 
range, 22“ -O. Extreme yearly range, about 50®, 

2 R j . 
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in equal proportions, 53*77 ; amplitude of the yearly fluctuation, 22*83 
{ difference between hottest and coldest months). 

Mean monthly maxunum and minimum in sliado* — hottest month, July 
or August — mean maximum 89 ; coldest month, December, January, or 
February — mean minimum, 42\ Eange of highest and lowest monthly 
means of maximum and minimum, 47°. Extreme yearly range (difference 
between highest and lowest temperature recorded in the time) about 50° to 
58°. Tlie minimum thermometer on grass sometimes falls to 4° or 6° below 
freezing. 

Rainfall . — Mean 32*8 inches (mean of seventy years, 1790-1860). 
Greatest amount in any one year, 75*8 (1855). Least amount in any one 
year, 15*1 (1800). The importance of this gieat variation, as regards sieges, 
is evident ; Gibraltar might bo embarrassed for water, if the rainfall were only 
15 inches in a year of siege. 

Number of Rainy Days = 68. The rain is therefore infrequent, but heavy. 
The rain falls in nine months, September to May; greatest amount in 
January and November ; most rainy days in April Summer, rainless. 


IlumidUy. 


Mean dew-point of year. 

Mean highest dew-point in ) 
August, . . . / 

Lowest dew-point in January ) 
or February, , . j 



Grains of 

Relative 

Dew-point. 

Vapour in a 

Tlnmidily 

cubic foot. 

Sat, = 100. 

55°-9 

5-75 

72-3 

67° -9 

7*6 

70-9 

43° -5 

3-25 

69-1 


Gibraltar is thus seen to be rather a dry climate ; at any rate, the air is 
on an average only three parts saturated with moisture, and therefore evapora- 
tion from the skin and lungs will be tolerably rapid, provided the wind 
moves fi-ecly. It is certainly not a moist insular climate, as might have been 
anticipated. At the times of rain, however, and during fogs and moist 
sirocco, the air is nearly saturated. 

Winds . — Chiefly to the N.W. or S.W. or W., in January, April, May, 
June, and October. Easterly in July, August, and September. P>ut some- 
times the easterly winds are more prevalent, or may be modcirate for almost 
the whole year. The east and south-east winds are sirocco (Levanteros), and 
are often accompanied by rain and fogs. 

Sanitary Conditions, 

Water Stfpply . — The quantity was formerly very d(fficicnt ; in 1861 only 
. 2^ gallons daily were supplied for non-commissioned officers and privates. 

SfmreeAn . — Wells and tanks, rain water, and a small aqueduct carrying 
surface water. Very large tanks have been constructed in two of the ravines, 
with arrangements for passing into them a large amount of surface water ; 
and lately fresh wells have been dug at tlie north end, near the neutral 
ground, which yield a large supply of good water. 

Quality . — In a well from the neutral ground analysed by Mr Abel, there 
was much calcium sulphate and nitrate (4*5 and 6 grains per gallon), and 
calcium carbonate (12 grains per gallon), also alkaline chlorides (7 or 8 grains), 


* Of the eight years (1863 60) given in the report above quoted, the difference between the 
monthly mean niaximiim and minimum is so much less in the last three years, as to make o? e 
suspect some error in observation. In 1876 the mean maximum in August was 87 4, tlm 
mean minimum in January 61 "4 range 36°; absolute maximum 91° in August, absolute 
winimum,42 in January—range 49\ 
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and 4 grains of organic matter.* A tank water contained less lime, but much 
magnesium carbonate* A well water in the town contained no less than 
39*6 grains of calcium nitrate, and 16 grains of calcium sulphate, per gallon. 
The immense amount of nitric acid points unequivocally to the oxidation of 
animal organic matter. The tank water is good when filtered ; but the tanks 
require frequent inspection and cleaning. 

Many of the houses of the civilians have tanks, and no new house is allowed 
to be built without a tank. The distribution of water, both to soldiers and 
civilians, is defective ; it is almost entirely by hand. 

Drainage. — The sewers are at i)resent being much improved. A new out- 
fall near Eosina Bay has been made, and the whole system of sewage will soon 
be in fair order, f 

BarracJc4i, — More than half the garrison is in casemates, which have been 
described as “ mere receptacles of foul air, damp, dark, and unwholesome. '"J 
The barracks are, for the most part, badly arranged, and are overcrowded ; 
the average cubic space in 1862 was only about 450 feet, and the average 
superficial space under 40. Ventilation was very defective, especially in the 
casemates. In all those points, however, great improvement has taken ])lace. 
The means of ablution are defective. Latrines and urinals are also defective.^ 
The duties are not heavy, and the rations are said to be good. In 1860 some 
improvements were made in the dress of the troops, and a light summer suit 
ordered. Blannel next the skin has been recommended strongly for Gibraltar, 
on account of the occasional cold winds. 

Health of the Olml Popfilaiton, 

Gibraltar is now a place of considerable trade ; whether the Government 
have been right in allowing a mass of people to herd closely together in the 
%nidst of the most important fortress we possess, is very questionable. In (;ase 
of a siege they would be a serious embarrassment, and even in time of peace 
they are objectionable. Tlio health of this community is bad ; in 1860, the 
northern district, where population is densest, gave 38 deaths per 1000, or, 
excluding cholera, 33*5 ; in the more thinly populated southern end, the 
mortality was 27*5 per 1000, or more than St Giles % in London. The deaths 
in children under one year form 17*33 per cent, of the total mortality. The 
prevailing causes of this mortality are fevers (in all probability typhoid), and 
tuberculous consumption, which causes 13 per cent, of the total deaths at all 
ages, or 37*6 per cent, of the total deaths at the soldiers' ages. Dysentery 
and diarrhoea are common. 

In this compressed and dirty population several great epidemics have 
occurred. The bubo plague does not appear to have been seen since 1 649, 
but the earlier records are very imperfect ; yellow fever, liowever, provaUecl 
in 1804, 1810, 1813, and 1828. Cholera has prevailed several times ; the 
last time was in 1865. 


Health op the Troops. 

> 

Loss of Strength hy Death and Invaliding, 

(a) By Death , — Gibraltar has never suffered from any great sickness or 

* Saniplfts from the wells on the neutral ground, recently analysed at Netley, showed a groat 
quantity of ohloritlea and excessive hardness. There was but little organic matter. 

+ It 18 probably completed by this time. 

X Barrack Commissioners’ Report, p. 37. 

§ All these points are note«l in the Barrack Commissioners’ Report, and arc in process of 
alteration ; tlioy are mei-ely referred to here as bearing on the question of the amount and pi-e- 
vention of disease. Ilians of all the proposed improvements are given in the Commissioners’ 
Report. 
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mortality, except in yellow fever or cholera yeai*s. 4^t the time when the 
mortality, on home sei^ice was 17 or 18 per 1000 of strength, it was usually 
not more than 12 at Gibraltar. Of late years both sickness and mortality 
hiis been below that of home service, especially in the latter years. In spite 
of this comparative healthiness, it is quite certain that much preventable 
disease existed, and in part still exists on the Eock. 


Mortality per 1000 of Strength. 


Years. Total Deaths. 

1837-46 (10 years), ... - 12-9 

1861-70 (10 years),* .... 

1871, 5-87 

1875 . . 5-50 


Deaths from 
Disease alone. 


5-65 


The last years arc placed by themselves to show wliat low mortality is pos- 
sible among soldiers, and what in all probability may be the usual amount in 
future y(?ars.f 

Cf-vUssei^ of Death . — Tn the earlier years the chief causes of death worti 
phthisis and continued fever, which was doubtless enteric fever. Of late 
years jihthisis lias declined ; enteric fever, on the contrary, increased iij) to 
1863, has since then declined infrequency, though not in fatality per cent, of 
attacked. J>y expressing the facts as 2 )er cent, of deaths, the relation will be 
seen cL^arly — 


In 100 Deaths from all Carnes. 


Years. 

Phthisis. 

Continued (Enteric 
Fever cliiefly). 

ITead Affection^, 
Delirium Trenieii.'* 
included. 

1837-46, 

41 

17-65 

9-28 

186.3-66,. 

16-84 

28-94 


1867, 

22-75 

11-44 


1875, 

23-10 

23-10 



Instead of expressing the facts in this way, they may bo put in another 
form. The admissions from phthisis averaged 11 per 1000 of strength in 
the ten years, 1837-46, while in the eight years, 1859-66, they were only 
7 ‘63. In the years 1863-66 the deaths and invaliding together from phthisis 
were only 3*72 per 1000 of strength, or hardly more than the deaths alone? at 
home. The decline in phthisis seems ther<?forc certain, and the diminution 
h‘.us since continued, but still it is possible that it is not even now so low as 
it might he. 

The continued fevers gave 75-5 admissions per 1000 of strength in the 
years 1837-46, and 98*5 in the five years ending 1863. There was also an 
increase in mortality. In the three years ending 1866 the admissions fell to 
an average of 42, and the decline was progressive. In 1 867 there was an 
increase in admissions, owing to the prevalence of a mild fever very like the 
dengue of the AVest Indies. In 1871 there were 7 deaths from enteric fever, 
while there were only 26 deaths in alLJ ’ 


* Cholera prevailed in 1865, and raised the mortality to 23 74. Without cholera it was 7*91. 

t Of course invaliding has an effect, but the invalids who died at Netley are included in the 
above mimbers. 

Even this mortality is more than is necessary. Tn 1866 there were 16 deaths out of 4586 
men. Of these, 3 from typhoid, and therefore prevent aide, 4 from phthisis, 2 from apoplexy, 
3 from heart disease, 1 from aortic aneurism, 1 from asthma, and one from violence. The im- 
mense relative amount of disease of the circulatory organs is striking ; it formed 26*6 per cent, 
of total deaths ; and in each of the three preceding years there had been 3 deaths under the 
same;ireading8. 

:J: ’Admissions have increased in the last few years, the mean being 64*9 per 1000, for the 
five years 1869-74. 
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During tlio last few years, much has been done in Gibraltar to give the 
men more breathing S 2 )ace and ventilation, hence the decline in plithisis which 
was so fatal fonnerly wlion the men were crowded in casemates. AVhcn their 
barracks are still furtlier improved, we shall see a still greater lessenhig of 
phthisis. The water supply has also been better lookcid after, and elhcient 
drainage has been commenced, iind is now nearly completed. 

The prevalence of heart diseases is a striking circumstance, and I cannot 
but believe is caused by the same conditions as at liome. 

Tilt; habits of tlio men are much improved, and delirium tremens, formerly 
common, is rare. In 1865 and 18GG only one man died in two years from 
this cause, or at the rate of scarcely more than ‘1 per 1000 of strengtli. 

Formerly dysentery and diarrhoea were common ; now they are infrequent 
and mild. The average admissions from dysentery in three) years (1864-66) 
were only 2 per 1000 ; in 1864 and 1866, from diariha'a were only 12 per 
1000 .* 

Fverytliing points to the fact that Gibraltar itself is a perfectly healthy 
place, and, that wlieii the sanitary alterations now going on arc completed, 
the sickness and mortality will be trifling. 

The iiiilueiice of .age on mortality is not given separately for Gibraltar, and 
is included in a subsequent table. 

(6) By InvalkUiuj. — The number of men sent home for change of air and 
discharge v.aries greatly from year to year ; about 20 to 30 per 1000 of 
strengtli is tlie average. Tlio chief diseases are ophthalmia, phthisis, syphilh-, 
and cardiac disease. The other diseases are in smaller numher, but are 
numerous. Dysentery and liver diseases used to be common causes of in- 
validing, but both are now declining. 

2 . Lons of Servux by Sicimpss. 

The admissions, the mean daily sick, and the duration of the cases, are all 
helow the home standard. 


Per 1000 of Sf/renyth, 


Ykaus. 

Admissions per 
Annum. 

Mean daily 
Sick. 

Mean Staj’ in 
IIo.s])itnI of eaeli 
Sick Man in d:!ys. 

1837 66, 

976 


... 

1861 -70, 

742 

36*67 

18*39 

1865 74, 

656*6 

32*61 

18*13 

1875, . 

6*20 *9 

38*36 

22 *.55 


The venereal diseases cause fewer admissions than at homo ; the avoingo 
of the whole venereal class is only about 120 per 1000. For syphilis alone 
the average (1869-74) is onlj’^ 51 *8. This is owing to the police regul.ation 
of prostitutes. Integumentary diseases cause about 65 admissions per 1000. 
“ Continued fevers caused 64*9 (1869-74), and in 1875, 90-5 admissions. 
Dysentery and diarrha'a are now declining from the former average^ of 58 
to 20 or 30 per 1000. Digestive disorders give a large number of admissions, 
.and have always done so, but in the latest returns they are somewhat 
declining. 

Sanitary Duties at Gilrraltar . — Captain Galton and Dr Sutherland have 
already indicated the measures which must be adopted, viz., a better supply 
of water, by arranging a larger stomge ; a better drainage, with sea water for 

* Cholera pi-evailcd Id 1S6*5, so I have left tliat year out. 



630 


FOREIGN SERVICE. 


flushing, and a different outlet; and an improved ventilation, with less 
crowding in barracks. All the plana are being gradually carried out. There 
is no doubt those measures will greatly improve health. 

It may be suggested whether, as water is so deficient, a removal of sewage 
by hand might not be employed. The soil might be used for cultivation in 
the neighbourhood of the Eock, or carried out to sea. 

Supposing war were to arise at this moment, and that wo lost the command 
of the sea for a time, the points of danger would apparently be those : — 

1. Deficient Watei\ the Jiainfall hem; uncertain. — The new wells near the 
neutral ground will perhaps obviate this danger ; but if not, it would have to 
bo supplied by distillation, and it would be prudent to keep a good apparatus 
always at Gibraltar. The amount of storage has been increased of late years. 

2. Ovet'crowding* and Bad Ventilation^ leading to SpoUed Typhus. — With 
a full garrison, and with some barracks untenable, there is no doubt there 
would be serious danger of this disease ; and it is a matter of great moment to 
ventilate as perfectly as possible all casemates which, even if now disused, 
must be used in time of war. 

Typhoid Fever. — ^The drainage is now being improved, so that this cause 
of danger may soon be entirely removed. 

4. Diseases arising in the Towny and spreading to the Gannsoyi. — In case 
of war, it would seem most desirable to clear out the native town as far as it 
can bo done. More space and more water would bo available. There would 
be less chance of famine, destitution, and disease. 

In the war in 1792, scurvy prevailed from deficiency of food and fresh 
vegetables. 


Malta. 


Size, 17 miles by 8. Usual peace garrison = 5000 to 7000; period of^ 
83rvice, three years ; poptdation (civil) in 1876 = 149,270. 

Geology.— ^ofty porous rock ; the greater part is sandstone resting on hard 
limestone ; in some parts there is marl and coral limestone over the sandstone. 
In the centre of the island, at Citta-Vecchia, there is, in order from the 
surface, alluvium, uj)per limestone, red sand, marl, sandstone, and lower 
limestone. Valetta is on thin alluvium, with thick sandstone below, and 
beneath this the lower limestone. 

ClimUte {at Valetta).— of the year, 68" ; hottest month (July), 77" ; 
coldest (January), 57"; amplitude of the yearly fluctuation, 20"; extreme 
yearly range (from highest to lowest temperature in shade), 62°^ from 100“ in 
July to 39“ in January ; mean yearly range, about 50“ ; extreme monthly 
range (t.e., from highest to lowest in month), about 25“ to 35.“ 

^ Undulations of temperature are frequent, and there are often cold winds in 
winter from The south-east wind is an oppressive sirocco, raising the 

temperature to 94“ or 95“. It is chiefly in the autumn, and blows for from 
60 to 80 days every year. At Citta-Vecchia (600 feet above the sea) the 
temperature is lower and the air keener. Kainfall about 32 inches. Chief 
rain in November, December, and January; loss in ^February and March; 
small in amount in the other months. From June to August almost rainless. 
Hummty.—{KGQ.Ti of 1859-60); observations at 9.30 jAM., and 3.30 p.m. 


Mean of year, . 

Highest in year (August), 
Lowest in year (February), 


Dcw’-polnt. 

, 60-5 
72-7 
49 


Grains of 
Vapour in a 
cubic foot. 

6-87 
8-73 
3-96 


Relative 

nuniidlty. 

62 


Id^ta thus appears to be a dry climat^ i.e,f 'with little lelatiro humidity. 
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Sanitary Condition, 

Much has been done of late years, and, as far as external cleanliness goes, 
Valetta is very clean. Water supply from rain and springs (the largest of 
which is in- the centre of the island^ and the waters of which are led by 
aqueduct), is not very deficient in quantity (8 to 10 gallons per head), and, 
except in some places, good in quality, though the rain-water contains 
chlorides from the spray falling on the roofs of buildings. Some of the tanks 
arc too near the sea, which percolates into them. The tanks require, however, 
careful looking after. Within the lines there are 272 public and, military 
tanks, with storage for 55 millions of gallons, and 4294 private tanks, with 
storage for 323 millions of gallons. The military tanks, if fuU, would give 
6 gallons of water per man daily for eleven months, but even now the water 
often falls short. The water is carried everywhere by hand, and the drinking 
water for the men is not filtered, or only partially so. An attempt to get 
water by sinking into the sandstone was made in 1866-67, but failed. The 
sewers in Valetta are bad in construction and outlet, and much typhoid has 
been, and is still, caused in consequence. In many cases “ they are nothing 
but long cesspoools.”* Pipe drains arc, however, now being laid in the old 
drains, which were merely narrow deep channels cut in the soft porous rock. 
The old style of drain has now quite ceased to exist in the barracks. 

The barracks are bad, many casemates being used, and buildings which 
were intended for stores and not for habitations. They are built of soft 
sandstone, which both crumbles and absorbs wet. In some cases, all sanitary 
considerations have been sacrificed for the purposes of defence. The ventili 
tion of the casemates is very bad, but some improvements have taken place. 
The Barrack Commissioners, in their Report, recommended that in every way 
•which can be dune the ventilation should be improved by admitting the wind, 
especially from the north, and that each barrack will require a separate plan 
to meet the particular case. They recommend that air shafts shall be made, 
much larger than ordered for home service, viz., 1 square inch for every 20 
cubic feet of space, or for a barrack of twelve men with regulation space 
(7200 X 20 = ) 360 square inches ( == 2J square feet) of outlet opening. Some 
of those points have been carried out with very good results. At the present 
time the amount of cubic space is below the homo service amount (600 cubic 
feet), and the superficial area is very small, in some cases being as low as 
40 square feet per head. All the barracks are now supplied with new and 
remodelled married quarters, with proper appliances. 

A gymnasium is provided both in Cottonera and Valetta, and all the 
barracks are well provided with reading, recreation, and school rooms. The 
means of ablution are now very good in all the barracks, and there are new 
water latrines and slate or earthenware urinals provided. 

We may therefore hope that a diminished amount of disease may be the 
result of these improvements, although much remains to be done to make the 
condition of the troops as good as it ought to be., 

Health of the Civil Population. 

There is some, but no great amount, of malarious disease, but a good deal 
of the so-called bilious remittent,! and typhoid. Typhus is not at present 
seen. Bubo plague has prevailed seven times, the last in 1841, slightly. 
Yellow fever has been known, but not of late years. Cholera has occurr^ 

* Barrack Commissioners* Report, p. 111. 

t See I)r Marston’s excellent Report in the' Army Medical Report for 1861, for the symptoms 
of this disease among troops. See also Dr Boileau; s interesting essay in the same publication 
vol. viii. 
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thrice. Dysentery is common ; teenia not infrequent ; ophthalmia common, 
from dust and glare. Boils or anthrax are frequent; rheumatism is not 
uncommon, and phthisis is said to be frequent (from dust ?). The death rate 
is said to be 21*3 per 1000 in the towns, and 28*7 in the country districts ; 
•while nearly 57| per cent of this is in children under five years,* the great 
causes of infantile mortality being registered as teething and convulsions. 

Health of the Troops. 

The health of the ti'oops is worse than at Gibraltar, but it has singularly 
fluctuated (even without great epidemics), more so probably than at an,) 
station in the same latitude. The mortality has varied as much as threcdold 
Avithoiit cholera. 


Ye Alts. 

Loss of strength per 1000 per 
anmnik. 

Loss of Scrvicfi per 1000 per 
annum. 

Total 

Deaths. 

Deaths 

from 

Disease. 

Tnvalullng. 

Admis- 

sions. 

Mean 
dail}' Sick. 

Days in 
U</spilal to 
each Sick 
31an. 

1837-46, 

1861 70 (10 years), 

1865 74 (10 years), 

187.5 

Highest (1865, cholera), 
Lowest 1864, . , . 

15 3 
13*49 
14*24 
10*43 
26-44 
6*53 

24*63 

4*58 

22*2 

33*73 

24*92 

1120 
798*6 
828*4 
906*1 j 

43*79 

43*31 

41 66 
42*21 

* j 

isi-h 

18-35 

17-31 


Tlae mortality in 1864 was as low as it has over been; but it has in former 
years been as low as 5*6 from disease alone. It is curious how alternations 
of health and sickness occur chiefly from the variations in the fevers of 
different kinds, especially enteric (typhoid) and the remittent or so-(;alletf 
Malta fever, which htis a long course, a great tendency to rlieumatic secpiel, 
and little mortality. 

In 1867 there was a terrible outbreak of continued fever, chiefly among 
the troops quartered in the notoriously unhealthy barracks of Lower St Elmo 
and Fort Kicasoli. The admissions rose to 228, and the di^atlis actusiUy 
amounted to no less than 7*93 per 1000 of strength. Out of 100 deaths no 
less than 32*2, or nearly one-third, wore from “continued fever,” i.e., enteric 
fevt3r in great measure. 

In former years phthisis was the cause of 39 per cent, of the deaths, or 
nearly the same as at Gibniltur. Latterly there have been fewer deaths at 
Malta, but a considerable number of tubercular cases are sent home. The 
disease is probably detected earlier, and the men do not die as formerly at the 
station. StiU this does not account for the whole diminution, and there has 
been clearly a lessening of j)hthisis. There was formerly a large amount of 
stomach and bowel disease, and dysentery was forty times as frequent as in 
England.! It is certaiidy a very remarkable circumstance, that both at 
Gibraltar and Malta there should have been this extraordinary liability to 
affections of the alimentaiy canal. At Malta, as at Gibraltar, it may liave 
been cliiefly owing to impure water and to food (Report of 1853, p. 118). 

* Eeport of Baxrack Commissioners, p. 87. The Commissioners justly remark that these 
figures are so striking as to demand further inquiry. Probably they are quite uu trustworthy ; 
yet both at Gibraltar and Malta, it would be of the greatest importance, not merely for the 
health of the troops in peace, but for the security of the fortress m war, to linow everything 
about the social life and the diseases of the native population. 

f In Bngland, in 1837-46, every 1130 men gave one case of dysentery; in Malta, in the 
same years, every twenty-eight men gave one case of dysentery. The mortality of the disease 
was, however, nearly the same {see pages 21 and 118 of the Keport of 1853). 
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Of late years stomach and bowel affections have been less frequent, but are 
still more common tlian at home ; in 1861, the 89,000 men on home service 
gave only 67 cases of acute dysentery, and no deaths, while the 6000 men at 
Malta had 34 cases and 2 deaths. In 1864 there were 3 deaths from acute 
dysentery among 5654 men, while in the home station there was only 1 death 
among 73,252 men. If it had been equally fatal at home, there would liave 
been nearly 39 deaths. 

A continued fever (which was probably in great measure typhoid) Inis 
prevailed more or less for the last forty years at Malta, and doubtless also 
before that time. It has been quite as prevalent and fatal of late years as 
formerly ; in 1851 there were 1413 admissions out of a garrison of 5310 
men, or at the rate of one man in every four ; and the deaths from fever 
were 44 out of 96 total deaths, or 45*83 of the total mortality. In 1863 
there were 844 admissions and 21 deaths out of a gamsou of 5494 men. 
This is more than in any town or village in England. In 1864 there were 
1057 cases and 6 deatlis out of a garrison of 5654 men. In 1865 there were 
1162 admissions and 13 deaths out of 5323 men ; in 1866, 1031 admissions 
and 19 deaths out of 5202 men; and in 1875, 634 admissions and 11 deaths 
out of 4,506 men. 

In the Statistical Eeport for 1853, it is observed that tlie number of cases 
of liver disease at Malta are remarkably high ; and the writers, wJiile believ- 
ing there must be “ something in the climate of Malta 2)eculiarly favourable 
to the production of hepatic aliections,” were unable to find, on bringing the 
cases into relation with the temperature, any conn (action. The cause of this 
may be something very ditferent, and it is very desirable that the food should 
be looked to. Tliere is a suspicion at Netley (which I'eciuircs a few years 
more experience to test it), that the cases of echinococcus of tlie liver are more 
frequent in men from the Mediterranean stations than others (Dr Maclean). 
The case of -Iceland should lead us to look into this point. 

The history of admission for venereal disease is im])ortant ; in 1837-1846, 
inclusive, the admissions were only 99 per 1000, or two-thirds less than at 
homo j in 1859, when the next report ajjpeared, they wTre 149 per 1000; 
and in 1860 they were 147*9 per 1000, In the early period there were police 
ri^gulations, which were suspended in the two latter years. In June 1861 
the police regulations wore re-enforced, ami the admissions for the year sank 
to 102. The 4th battalion of the Kifle Erigade showed the following 
remarkable result ; — In the first half of 1861 there were 57 admissions ; in 
the last lialf only 17. In 1862 the total number of cases of “enthotic 
disease ” in tlie whole gairison were only 49*5 ; in 1863, 44*1 ; and in 1864, 
53*2 per 1000. They were incrf3ased in that year by the women who came 
from Ionia with the troops. In 1865 they were 44 ; in 1866, 59*6 per 1000. 
In 1870 and 1871, the admissions were very few ; in the latter year, wliich 
was the worst, the admissions of primary syphilis were only 8*3 per 1000 of 
strength. If the home return is looked at, it will he seen what an eflect has 
boon produced at Malta by good regulations, although the number of cases 
fluctuates from causes traceable to special influences ; the reduction is almost 
entirely of syphilis, not of gonorrhoea. The large number of admissions from 
phlegmon and ulcers is as striking in Malta as at Gibmltar and at home ; and 
here as there, these are probably mere conventional terms. Such, then, in 
brief, seem to be the chief medical points of importance at Malta, vh^, a 
liability to phthisis, less marked of late years ; a great amount of fever, from 
bad sanitary conditions in great part ; a liability to stomach and intestinal 
affections, which, though less obvious, is still great, and a singular tendency 
to a liver afiection, which may be parasitia The chief improvements advised 
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by the Barrack Commissioners refer to a larger water, supply, a better dis- 
tribution, improved drainage, and efficient ventilation. 

In time of war, the dangers at Malta would bo the same as at Gibraltar ; 
the aqueducts might be cut by a besieging force, and the water supply 
restricted to the tanks.* Although these are sup]f)osed to hold a large 
quantity, they are not kept full, and could not, perhaps, be rapidly filled. 
The garrison might be driven to distil the sea water. A still more serious 
danger would be the overcrowding of a war garrison. Doubtless, in case of a 
war, the garrison would only bo concentrated in the lines when the siege 
commenced, but the crowding during a siege of three or six mouths might be 
very disfistrous. This danger should be provided for beforehand by a clear 
recognition of what accommodation would be granted for war, and how it is 
to be obtained without violating either the conditions of health or of defence. 


On the Influence of Age on Mortality in Gih'aliar and Malta. 



Deaths x)er 1000 of Strength at each Period. 


Under 

20. 

20-24. 

25-29. 

30-34. 

35-39. 

40 and 
over. 

1865-74 ) 
(ten years), { 

3 04 

6-28 

14*28 

14*38 

22*22 

81 -68 

1875, 

1-97 

6-51 

6*61 

! 11*80 

n *56 

16-74 


SECTION II. 

WEST INDIES. 

The history of sanitary science affords many striking instances of the 
rcjmoval of disease to an extent almost incredible, but no instance is more 
wonderful than that of the West Indies. Formerly, service in the West 
Indies was looked on as almost certain death. It is not fifty years since the 
usual time for the disappearance of a regiment 1000 strong was five ysars. 
Occasionally in a single year a regiment would lose 300 men, and there 
occurred from time to time epochs of such fatality that it was a common 
opinion that some wonderful morbid power, returning in cycles of years — 
some wave of poison — swept over the devoted islands, as sudden, as unlooked- 
for, and as destructive, as the hurricanes which so sorely plague the 
“ Golden isles set in the silver sea.” 

What gave countenance to this hypothesis was, that sometimes for months, 
or even for a year together, there would be a period of health so great that a 
regiment would hardly lose a man. But another fact less noticed was not so 
consistent with the favourite view. In the very worst years there were some 
stations where the sickness was trifling; while, more wonderful still, in the 
worst stations, and in the worst years, there ’were instances of regiments 
remaining comparatively healthy, while their neighbours were literally 
decimated. And there occurred also instances of the soldiers dying by scores, 
while the health of the civil inhabitants in the immediate vicinity remained 
as usual. 

If anything more were wanted to show the notion of an epidemic cycle to 
be a mere hypothesis, the recent medical history of the West Indies would 
prove it At present this dreaded service has almost lost its terrora There 

* Dr Notter has lately (1872) analysed fourteen of the tank waters of the different forts, and 
wds Ilie condition of the water to be satisfactory. 
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still occur local attacks of yellow fever, which may cause a great mortality ; 
but for these local causes can be found ; and otherwise the stations in the 
West Indies can now show a degree of salubrity almost equalling, in some 
cases surpassing, that of the home service. 

The causes of the production, and the reasons of the cessation, of this great 
mortality are found to be most simple. It is precisely the same lesson which 
we should grow weary of learning if it were not so vital to us. The simplest 
conditions were the destructive agents in the West Indies. The years of the 
cycles of disease were the years of overcrowding, when military exigencies 
demanded that large garrisons should hold the islands. The sanitary condi- 
tions at all times were, without exception, infamous. 

There was a great mortality from scorbutic dysentery, which was almost 
entirely owing to diet.* Up to within a comparatively late date, the troops 
were fed on salt meat three, and sometimes five, days a week, and the supply 
of fresh vegetables was scanty. It required all the influence of Lord Ilowick, 
the then S(3crctary at War, to cause fresh meat to be issued, though it had 
been pointed out by successive races of medical officers that fresh meat was 
not only more wholesome, but was actually cheaper. The result of an 
improvement in the diet was marvellous ; the scorbutic dysentery at once 
lessened, and the same amount of mortality from this cause is now never seen. 
Another cause of dysentery was to be found in the water, which was impure 
from being drawn from calcareous strata, or was turbid and loaded with sedi- 
ment. The substitution of rain water h^ sufficed in some stations to i*emove 
the last traces of dysentery. 

If the food and water were bad, the air was not less so. Sir Alexander 
TuUoch has given a picture of a single barrack at Tobago, said to be the “ best 
yi the whole Windward and Leeward Command, figures of which tell 
their own tale. 

Barrack at Tobago in 1826. — Superficial space per man, 22| feet; breadth, 
23 inches ; cubic space, 250 feet. 

The men slept in hammocks, touching each other. In these barracks, 
crowded as no barracks were even in the coldest climates, there was not a 
single ventilating opening except the doors and windows ; the air wjis foetid 
in the highest degree. With this condition of atmosphere, it is impossible 
not to bring into connection the extraordinary amount of phthisis which pre- 
vailed in the soft and equable climate of the West Indies. There was more 
phthisis than in England, and far more than in Canada. The first great im- 
provement was made in 1827, when iron bedsteads being introduced, each 
3 feet 3 inches wide, greater space was obliged to be given to each man. 

Every arrangement for removal of sewage was barbarous, and in every 
barrack sewage accumulated round the buildings, and was exposed to heat and 
air. When yellow fever attacked a regiment, every stool and evacuation was 
thrown into the cesspools common to all the regiment ; and in this way the 
disease was propagated with great rapidity, and w^ loc^ised in a most singu- 
lar manner, so that a few hundred yards from sf barrack, where men were 
dying by scores, there would bo no case of fever. In spite of this, it was 
many years before the plan of at once evacuating a barrack where yellow 
fever prevailed was adopted. 

The barracks themselves were usually very badly constructed, and when in 
some cases the architects had raised the barracks on arches from the ground, 

* This is pointed out in the Statistical Report (1888) on the West Indies, by Tulloch and 
Balfour ; and it is believed that the improvement in the diet was in a great measure owing to 
these gentlemen. 

t Report, 1838. * ^ 
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in order to insure perflation of air below the build bigs, tbo arches were 
blocked up or converted into store-rooms ; and the barracks, with 8])acos thus 
filled with stagnant air beneath them, were more unhealthy than if they had 
been planted on the grounti 

The localities for barracks were often chosen without consideration, or for 
military reasons,* into which no consideration of health entered. Almost all 
were on the plains, near the mercantile towns, where the soil was most 
malarious, and the climate hottest and most enervating. Malarious fevers 
were, therefore, common. 

To all these causes of diseases were added the errors of the men themselves. 
For tlie officers there (existed, in the old slave times, the greatest temptation. A 
reckless and dangi^rous hospitjility reigned everywore ; the houses of the rich 
jdauters were open to alL A man was deemed churlish who did not welcome 
every comer witli a full wine, or more often a brandy, cup. 

In a climate whore healthy physical exertion was deemed impossible, or 
was at any rate distasteful, it Avas held to be indispensable to cat largely to 
maintain the strength. To take tAvo breakfasts, each a substantial meal, was 
tlie usual custom ; a heavy late dinner, frequently followed by a supper, suc- 
ceeded ; and to spur the reluctant appetite, glasses of bitters and spirits Avere 
taken before meals. 

Tlie private soldiers obtained Avithout difficulty abundance of cheap rum, 
AA'liicli Avas oftcai poisoned Avith lead. Dmnkennoss was ahiiost universal, and 
th(i deatlis from delirium tremens were frequent and aAvihlly sudden. Tlie 
salt meat they Avere obJigt.'d to (?at caused a raging thirst, Avhich the rum bottle 
in reality only aggravatf>d. 

To us tliese nuim.Toiis causes seem sufficient to account for (iA’^erything, but 
in foniier days an easier exjilanation was given. It was held to be thp 
climate ; and the climate, as in other parts of the Avorld besiiles the West 
Indies, became the convenient excuse for pleasurable follies and agreeable 
vices. In order to do uAvay with the cllbcts of this dreaded climah^, some 
mysterious jJOAver of acclimatisation Avas invoked. The Euroi)ean system re- 
quired time to get a(.‘customed, it Avas thought, to thtnse climatic inlliionces, 
ami in order to quicken the process various measui*es wei’c jnoposc^d. At one 
time it Avas the custom to bleed thcTiienoii the voyage, so that their Euriipean 
blood might be removed, and the fresli blood which was made might bo of 
the kind most germane to the West Indies. At other times an attack of fever 
(often brought on by reckless drinking and exposure) AA^as considered the grand 
preservative, and the seasoning fever Avas looked for with anxiety. The first 
statistical report of the aimy swept away all these fancies, and showed conclu- 
sively that instead of prolonged residence jiroduQpg acclimatisation and lessen- 
ing disease, disease and mortality increased regularly with every year of 
residence. 

The progress of years has given us a different key to aU these results. It 
is now fully recognised that in the West Indies, as elscAvhere, the same cus- 

* The liistory of tlie old St James’s Barracks in Trinidad is too i*eniarkable to he passed 
over. It was determined to build a strong fort— a second Gibraltar— on the lower spurs of the 
hills overlooking the plain where the barracks now stand. When the works had been carried 
on for some time, it was discovered that they could not hold the troops. The ban-acks wei e 
then ordered to be placed on the plain, under cover of the ^ins of the fort. Before the fort 
was quite finished, it was found to be so unhealthy that neither white or black men could live 
there, and it was abandoiie<l. The barrack, it is said, was not then commenced ; yet, though 
the reason for placing it in that spot had gone, it was still built there, on a piece of ground 
near two marshes fCocorite and the Great Western Marsh), below the fjeneral level of the 
plain, and exposed to the winds from the gullies of the neighbouring hills. Yet this bad 
position, 80 fruitful of disease, was in reality less injurious than the bad local sanitary arrange- 
naento of the old St James’s Barrack itself. 
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toms will insure the f}ame results. Apart from malaria, we hold our health 
aud life almost at will The amount of sickness has immensely decreased ; 
occasionally in soino stations which used to be very fatal (as at Trinidad) there 
has not been a single death in a year among 200 men. Among the measures 
which have wrouglit siicli marvels in the West Indies have been — 

1. A better supply of food ; good fresh meat is now issued, and vegetables, 
of which there is an abundance everywhere. 

2. Better water. 

3. More room in barracks, though the amount of cubic space is still small. 

4. llemoval of some of the stations from the plains to the hills ; a measure 
which has done great good, but which can explain only a portion of the im- 
provement. The proj)er height to locate ti*oops is by most army surgeons 
considered to be at some point above 2500 feet. 

5. Better sewage arrangements, and more attention generally to sanitary 
conservancy. 

6. A more regular and temperate life, both in eating and drinking, on the 
part both of officers and men. 

7. Tlie occupancy of the unhealthy places, when rctainoil as stations, by 
black troops. 

8. A better dress. It is only, however, within the last few years that a 
more suitable dress has, at the instance of the late Director-(T(uieraI, Sir J. B. 
Gibson, been provided for the West Indian Islands. 

The army stations in the West Indies are, Jamaica, 'Barbadoos, Trinidad, 
St Vincent; the last throe being included in the term “Windward and 
Leeward Command.” British Guiana, on the mainland, is part of this com- 
mand. Tliore are small 2 )arties of artillery and some l)lack trooj)s in Honduras 
and the Bahamas. 

The jicriod of service is now three or four years ; formei’ly it was eleven or 
twelve, but ‘this was alterexl after the first statistical report. Usually the 
MediteiTanoan regiments pass on to the West Indies, and subsequently to 
Canada. The total number of men serving in the West Indies is now very 
small. 

The proper time for arriving in the West Indies is in the beginning of the 
cold season, viz., about the beginning of December, when the hurricanes and 
autumnal rains are usually over. 


Jamaica. 

Present strength of white garrison, 300 to 400 ; black troops, 700 to 800. 
Population of Island at last j^ensus, 506,514. A range of lofty hills (Blue 
Mountains) divides Jamaica into two parts, connected by a few passes. The- 
troops wore formerly stationed chiefly in tlie south plains, at Kingston 
(30,000 inhabitants), Port-Koyal, Spanish Town, Up-Park Camp, Port- 
Augusta, <fec. After the Maroon war in 1795 some troops were stationed at 
!Maroon Town (2000 feet above the sea) on the north side, and at IMontego 
Bay. Subsequently Stonoy Hill (1380 feet above the sea), at the mouth of 
one of the passes, was occupied. 

Since 1842 some, and now nearly all the troops, are at Kewcastlo, in the 
hills, 4000 feet above the sea, with detachments at Kingston and Port-KoyaL 
The other stations are now disused for white troops. The sanitary condition 
at Newcastle was formerly not good; the sewage arrangements were very 
imperfect ; it is now somewhat improved. 

Climate . — The climate is very different at the different stationa .At 
Kingston (sea-level)— temperature, mean of year = 78° *0; hottest m^nth. 



638 


FOREIGN SERVICE. 


July, niean=8r-71 ; coldest month, January, mean==75°*65 ; mean yearly 
fluctuation = S'" -06. Undulations trifling. The climate is limited and 
equable. At Newcastle the moan annual temperature is about 66” ; hottest 
mouth, August = 67°'75 ; coldest month, February = 61®. The diurnal range 
is considerable, but the annual fluctuation is trifling (about 6°). The mean 
of the year is therefore much lower than on the plains ; the amplitude of the 
yearly fluctuation about the same ; the diurnal change greater. 

IlumidUy. — This is considerable in the plains — often from 80 to 90 per 
cent, of saturation = 7 to 9 grains of vapour in a cubic foot. At Newcastle 
the mean yearly dew-point is about 60” ; the amount of vapour in a cubic foot 
of air is 5*77 ; the mean yearly relative humidity is 68 per cent, of saturation. 

Rain. — ^Amount on the plains — 50 to 60 inches, in spring and autumn, 
viz., April and JVIay, and October and November. Showers in July and August. 

Winda. — Tolerably regular land winds at night, and sea breezes in the 
hot and dry months during the heat of the day. The central chain of 
mountains turns the north-east trade wind, so that it reaches the south side 
diverted from its course ; from December to February the wind is often from 
the north, and brings rain and fogs wet northers The south-east wind 
in April and May is very moist. The hurricane months are from the end of 
July to the beginning of November. The climate in the plains is therefore 
hot, equable, and humid. 

Ilecdtli of the Blade Civil Populaiion. 

Of the specific diseases, smallpox and the other exanthemata are common. 
Spotted typhus is said to bo unknown ; typhoid is said to be uncommon, but 
is probably more common than is supposed. Influenza has prevailed at times, 
and also the so-called dandy or polka (Dengue). Cholem has prevailed 
severely. Malarious fever is common over the whole of the south plainly 
Yellow fever is common, though less frequent and severe among the blacks 
than tlie whites. Dysentery is common, though it hi\s always been less 
freciucnt than among the troops. Organic heart disease is frequent Liver 
diseases are uncommon. Spleen disease, in the form of leucocythsemia, is 
common among the blacks (Smarda). Gout is said to be frequent, and 
scrofula and rickets to be infrequent Syphilis is not common, but gonorrhoea 
is. Cancroid of the skin and elephantiasis of the Arabs (Pachydermia) are 
common. Leprosy is also seen. 


IleaJth of the Troops, 

In the years 1790-93 the annual mortality of the white troops varied in 
the different stations from 111 (Montego Bay) to 15*7 per 1000 of strength at 
Stoney Hill (1380 feet above sea-level). In the years 1794-97 the mortality 
was much greater ; the most unhealthy regiment in the plains lost 333 ; the 
most healthy, 45*4 per 1000 of strength ; at the hill station of Maroon Town 
(2000 feet), the mortality was, however, only 15*6 per 1000. In the years 
1817-36 the mean mortality was 121*3; the mean of the four healthiest 
years gave 67, and of the four unhealthiest years 259 per 1000. The causes 
of death in these twenty years were — 


Fevers. . 

Lung diseases, 
Bowel complaints, 
Brain disease, , 
Liver diseases, 
Other complaints, 


101*9 per 1000 of strength. 
7*5 

2-6 

1 

3*2 


121*3 


i 


>1 
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Tli 0 admissions in these years were 1812 per 1000 of strength. In 
1837-55 the following were the mean results : — Mortality per lOOO of 
strength— white troops, 60-8 ; black troops, 38*2. Admissions per 1000 — 
white troops, 1371 ; black troops, 784. So that the mortality had declined 
one-lialf. 

In 1864 the mortality was much below the home standard. In 1867 it ran 
up nearly to the old amount, from the prevalence of yellow fever, which in 
that year prevailed again in Newcastle, and caused a greater loss than it had 
done in 1860, At present the statistics of the white troops are — 



Losa of Strength per 1000 per 
Annum. 

I/)8B of Service per 1000 per 
Annum. 

Ybabs. 

Total 

Deaths. 

Deaths 

from 

Disease. 

Invalids. 

Admis- 

sions. 

Mean 

Daily Sick. 

Days in 
ITospItal in 
each Sick 
Man. 

1861-70 (10 years), . 

20*86 

. • • 

27-6 

930*8 

40*63 

16-10 

1871 

13*61 

13-51 

30-4 


32*43 

15*17 

Highest in 1867, . . 

71-09 

69*80 

45*91 

1192*9 

78*95 

21*95 

Lowest in 1864, . . 

In 1875 the death rate 

7-36 

6*88 


... 

... 


was, 

12-99 

... 

... 


... 



An increase in admissions and mortality occurred in 1865 and 1866, owing 
to the exposure of the troops in the time of the negro disturbances, and their 
subsequent partial location on the plains. 

Before this period Jamaica contrasted favourably even with home service, 
and particularly so with India. 

• A decrease of admissions in 1859-64 was chiefly owing to the compara- 
tively small number of cases of paroxysmal disease ; a decline consequent on 
the removal of most of the troops from the plains (in 1859 Newcastle gave 
29*1 admissions, and Port-Ko}al, on the plain, 443*5 per 1000 of strength, 
from malarious disease). In 1863 some white troops were sent to Up-Park 
Camp, and furnished a large number of malarious cases (547*6 admissions per 
1000 of strength), whUo at Newcastle they were only 48 per 1000. The 
decrease in the mortality in the years 1859-64 was owing to lessened fever 
and dysentery. Among the black troops there is now greater sickness and 
mortality than among the whites ; the mortality in 1837-55 was 38*2 per 
1000; in 1859-65 it was 27*33 ; in 1866, 23*03 per 1000; in 1875 it 
was only 14*67. There is among these troops a large mortality from 
paroxysmal fevers, phthisis, and diseases of the alimentary canal ; and it is 
evident that their condition requires a close examination. 

The mortality of the white troops shows a marked increase with age. 

The following seem to be the most important points connected with the 
white troops which require notice. 

It is impossible to avoid paroxysmal fevers without placing all the troops 
in the hills, and it is very desirable Newcastle should be made the only 
station for white troops. 

The possibility of yellow fever occurring at an elevation of 4000 feet was 
shown by the appearance of yellow fever at Newcastle in 1860 and 1867. In 
1860 occurred the remarkable instances of contagion on board the ships 
“ Icarus ” and “ Imaum ” described by Dr Bryson. Wliether yellow fever 
was imported into Newcastle or not was a subject of discussion; it certainly 
appears probable that it was carried there ; but the important point for us is 
that mere elevation is not^ a perfect security. There were, however, only a < 
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flmiill number of casea In 1867, when yellow foyer again appeared at 
ilewcastle, it was imported, apparently, from Kingston and Up-Park Camp. 

In the returns for a number of years, cases were returned as ‘‘ continued 
fever;” it had never been clearly made out whether or not these were casa^ 
of typhoid fever until 1873-4, when a sharp epidemic occurred at New- 
castle. 

Formerly there was a largo number of cases of phthisis ; phthisis is now 
uncommon ; in 1817-36 lung diseases (almost entirely phthisis) caused 7-5 
deaths per 1000 of strength, or more than in England. In 1859-66 the ratio 
was only 1*42 per 1000 of strength ; and in 1861, out of 636 men there was 
not a single death, though four men were sent homo with consumption. In 
1865 there was no derith ; eight men were stmt home. 

At Newcastle there occurred for some ye.ai‘s an excess of affections of the 
jilimentary canal, chiefly indigestion ; at present those have lessened, but it 
would he imfiortaut to makti out the cause. In 1860 there was not a single 
admission from dysentery at any station. 

In th(i worst times in .lamaica it was always remarked that there was rather 
a singular cxeini)tion from acute liver disease ; very few cases appear in the 
returns under hej)atitis ; wheth(?r this is a matter of diagnosis, or wliether 
there was really an immunity compared with India or the Mauritius, is a 
♦ luestion of great interest which cannot now he solved. At present, liver 
disc?ase unconnected with drinking is uncommon. 

There is still too much drinking, and the me^iical officers have strongly 
advised the issue of beer instead of the daily dram. 

Veiieroal diseases have never prevailed much in Jamaica; they have cau.sod, 
on an average, from 70 to 90 admissions per 1000 of strength. In 1862 there 
were only 47 admissions per 1000 of strength. On an average in 1859-65,^ 
enthetic diseases gave 118 admissions per 1000. This is owing to the connec- 
tion usually formed between the black women and the soldiers, and to a 
lessened amount of promiscuous intercourse. 

The history of the years 1865-67 shows that the gn'.atcst cart^ and the most 
judicious arrangement of the men is necessary to guard against a recurrence of 
the old evils. 

The black troops give a mortality of 24*6 per 1000 (moan of 10 years, 
1861-70), especially from phthisis. 

Trinidad. 

Strength of garrison, 200 men. Civil population (in 1871) about 110,000. 

(rOAdofjij . — Tertiary formation of Miocene age ; central range of hills is an 
induratt‘4 formation of Cretaceous ago ; the northern littoral range consists of 
micaceous slates, sandstones, limestones, and shales. The highest hill is 3012 
feet ; the central hill (Tam ana) is 1025 ; y\.th of the island is swampy. 

Climate. — Temperature of the plains : Mean of year about 79° *3 ; coldest 
month, January = 78“ ; hottest month, May = 81“-5 ; next hottest, October = 
80** *4. Mean annual fluctuation, 3“ ’5, The climate is therefore very equable 
and limited. There are, however, cold winds from the hills blowing over 
small areas. 

Hyfjrometry. — Mean dew-point, 75“T ; mean relative humidity = 81 per 
cent, of saturation ; mean weight of vapour in a cubic foot = 9’4 grains ; most 
humid month is May, as far as the amount of vapour is concerned. Month 
with greatest relative humidity, August. 

Winds from east to north-east and south-east West winds rare, and 
oppressive. 

Rain on the Plains about 60 or 70 inches. Greatest rainfall in one day, 
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4*67 inchea Dry sejgison, December to May. June and July showery. 
Heavy rain in August, September, and October. 

Sanitary Condition . — St James* Barrack is on a depression on an alluvidl 
soQ three miles from Port of Spain, the capital ; it is one mile from the 
Cocorifce, and three from the Great Eastern Swamp ; the drainage, for many 
years most defective, is now improved, as the main sewer is carried to the sea. 
On many occasions yellow fever has prevailed in this barrack, and nowhere 
else in the island ; the last occasion was in 1858-59, and then it was proi>osed 
by Dr Jameson (the principal medical officer) to erect barracks on a spot 2200 
feet above sea-level 

The capital, the Port of Spain (22,000 inhabitants), is birilt at the principal 
outfall of the island ; it is on a low and unhealthy plain. Formerly, it was 
so unhealthy as to bo scarcely habitable, but after being well drained and 
paved by Sir Ealph Woodford, it has become much healthier. This was the 
result of great sanitary efforts in a very unpromising locality, and should be 
a lesson for all climates. 

There is still, however, much malarious disease, dysentery, and at times 
yellow fever ; but this last disease has occasionally been very severe at St 
James* Barracks, without a single case being seen in Port of Spain. The 
ascent of the malaria from the barrack jJain is certainly more than 500, and 
probably as much as 1 000 feet. 

Disemtes of Troops . — The state of health has been and is Y&tj similar to 
that of Jamaica, with, however, a larger percentage in former years botli of 
phthisis and diseases of the stomach and bowels, chiefly dysentery. 

In the years 1817-36, the average mortality of the white troops was 106*3 


per 1000 of strength, and of these deaths there were — 

• From fevers, . . . . . . . . 61*6 

Lung diseases, . , . . . . . . 1 1 *5 

Diseases of stomach and bowels, . , . . . 17*9 

l>ropsi(3s (probably partly malarious, partly reual), . 7*7 

Brain diseases (esj)ecially from intemperance), . . 4*7 

Liver diseases, ........ 1*1 

All other diseases, , . . , . . . 1 *8 


106*3 

As in Jamaica, the statistics of the white troops of late years tell a very 
ilifferent story. 

In 1859 there was an outbreak of yellow fever, and the deaths from disease 
rose to 84*27 per 1000. In the next seven years (ending 1866) the average 
number was 7*48 deaths from disease per 1000. In two years (1860 and 
1865) there were no deaths. 

Even in 1859, when the mortality was so large, there were only 10 deaths 
from yellow fever among 190 men, while there were no less tlian 4 deaths 
from delirium tremens. > 

Among the diseases in the returns, the largest item is malarious fever ; there 
are also cases of “ continued fever,'* as in Jamaica ; and this term, in fac^ 
has never been absent from the reports. Is this typhoid fever ? In afi 
probability it is, as unequivocal typhoid fever does occur in Trinidad. (See 
Dr Stone's paper in ihQ Medical Times and Gazette^ Feb. 1860.) A consider- 
able number of cases of dyspepsia are admitted \ in 1860 there were 16 cases 
out of 221 men, or 72 per 1000 of strength. In 1862 there were 103 jier 
1000 admissions, from “ digestive ** diseasea Venereal diseases have always 
been low; in 1860, 1861, >862, and 1864, there were only 49*8, 44*4, 20*6, 
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nud 63-8 admissions per 1000 of strength. Dysentoiy is now infrequent. 
In 1860, out of 221 men, and in 1861, out of 225 men, there was not a 
sii^le case. In 1864, out of 235 men, there was only 1 case. In 1865 there 
were no admissions from phthisis. Phthisis is much less common, yet in ' 
some years there is still too mucli of it. 

It is evident that if Dr Jameson's suggestion is acted upon, and the troops 
are removed to the hills, malarious fever will disappear, and yellow fever can 
bo pi’cvented. In such a case, if the men will abstain from drinking, this 
island, which formerly killed rather moi'e than 1 man in every 10 yearly, will 
be one of the healthiest spots in the world. 

The black troops are now less healthy than the white, ha\dng in 1859-05 
an annual mortality of nearly 20 per 1000, of which 18 were from disease. 
Their condition requires looking into. Of late years, a very small number of 
black troops have been stationed at Trinidad. 

The invaliding from Trinidad is combined in the Army Eeports with that 
of the other islands of the Windward and Leeward Commands. 

Babbadoes. 

Strength of garrison, 500 to 600 men. Civil population (in 1871), 162,042. 

Geology , — Limestone (coralline) ; sandstone (tertiary) ; beds of bituminous 
matter and coal (tertiary), clay in parts (especiaUy in the hiUy district called 
“ Scotland ”). 

An oj)en country, well-cultivated, no marshes except a small one at Gramme 
Hall, one mile to the east of St Ann's Barracks. 

The country is divided into two parts : a mountainous district tenned 
** Scotland,” and a lower country consisting of a series of five gigantic 
terraces, rising with some regularity one above the other. The highest hill is 
1100 feet 

Climate of the riain. — Temperature: Mean of year, 80®; hottest month 
(October), 83®; coldest month (January), 78®; mean yearly fluctuation, 5®. 
Climate equable and limited. 

WiwL — X.E., trade, strongest in February to May ; weak in September to 
November inclusive ; liuracaiie month, August. 

Rain , — ^About 56 to 58 inches, on an average, but varying a good deal in 
the autumn chiefly, though there is rain in all months, but much less. The 
dry season is from December to ifay. 

Water , — Fonuerly sui)plied from wtdls ; it was highly calcareous. At 
present good water is supplied by a water company. Lain water is also 
collected in tanks. 

Sanitary Condition , — St Ann's Barracks are placed aT)ovo one and a half 
mile from Bridgetown, on the sea ; the locality and the construction of the 
barracks have been much complained of, and a position in the hills advised.* 
Arrangements for sewering and the water supply were both formerly bad ; 
considerable improvements liave been made, and, since 1862, 30,000 gallons 
are supplied daily to St Ann's Barracks. It is a limestone water, con- 
taining carbonate of lime, but no sulphate of lime, and is remarkably free 
from organic matter. The total solids arc 18 *72 giains per gallon. The 
troops are still too much crowded in barracks, the allowance being under 600 
cubic feet. Since 1872 new latrines (Jennings' pattern) have been provided 
and the old ones closed. 

Formerly vegetables were very deficient in Barbadoes, and even now thci'c 

♦ For an extremely good and concise account of Barbadoes, see Dr Jameson's Report in the 
Arinj: Medical Report for 1861, p. 261. * 
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is some difficulty in procuring them. They are often imported from other 
islands. 

Diseases ammg Civil Population , — ^Yellow fever has appeai-ed frequently, 
although the island is not marshy. *It is not so frequent as formerly ; it 
used to be expected every four years. 

llarbadoes and Trinidad contrast greatly in the freedom from marshes of 
the one, and the existence of marshes and malarious diseases in the other ; 
yet Btirbadoes lias had as much yellow fever as Trinidad. 

Dysentery was common formerly, partly from bad water ; influenza has 
been epidemic saveral times. Barbadoes leg, or Elephantiasis of the Arabs, 
is frequently seen. Leprosy, or Elephantiasis Grsecorum, is also not very 
uncommon. Variola and Pertussis have from time to time been very bad. 

Hillary, in 1766, described a “slow nervous fever,” under which term our 
typhoid fever appears to have been indicated by most writers of that period, 
llis description is not quite clear, but resembles typhoid fever more than any 
other. He also speaks of “ diarrhoea febrilis.” Can this have been typhoid ? 

Dracunculus was formerly very frequent, and Hillary attributes it to the 
drinking water, and states that there were some ponds, the water of which 
was known to “ generate the worm if washed in or drank.” 

Yaws used to be common. 

Colica pictonum was formerly frequent. 

Diseases of Troops , — Yellow fever has several times been very fatal 

Scorbutic dysentery, arising from the wretched food, was fonnerly very fre- 
quent, and appears from Sir Andrew Halliday’s work to have been very bad 
even in his time (1823 to 1832). 

From 1817 to 1836 (20 years) — 

• Average Mortality (white troops), 58*5 per 1000 of strength. 

Gre^atest „ . 204 „ „ (in 1317). 

Least* „ . 18 „ (in 1823). 

In 1817 there were 1654 men on the island, and yellow fever broke out 
In 1823 there were only 791. 

Of late years, as in all the other islands, the sickness and mortality has been 
compjiratively trifling. 

In 1859-65 the total deaths wore 6*98 per 1000, and in 1866 they fell to 
3*28 per 1000, which is only ^d the mort^ity of home service. The highest 
mortality of late years was in 1862, viz., 16*77 \ the average number of 
admissions is about 1200. 

In 1864 there was an outbreak of a mild fever, termed “ remittent ; ” the 
nature is unknown ; no case was fatal. 

The increased morbility of 1862 was owing to yellow fever. It appeared 
first among the civil population in Bridgetown, and afterwards attacked the 
troops in the (stone) barracks. As it continued to spread, the men were 
moved out and placed under canvas, with the best effects. A remarkable 
feature of tliis epidemic was that the officers suffered in attacks six-fold more 
than the men, and had a mortality more than twenty-fold. Tlie women also 
suffered three-fold more than the men. Fonnerly the case would have been 
reversed. In 1861 there were only two deaths out of 787 men, one from 
phthisis and one from apoplexy ; and in 1864 there were also only two doatlis 
(diarrhoea and phthisis) among 930 men. 

Dysentery is now uncommon. 

The great improvement to be made at Barbadoes is decidedly a complete 
change of barracka The persistent recurrence of yellow fever in these old^ 
barracks, with their imperfect arrangements, shows them to be the mam caiwe 
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of the appearance of the disease. The saving in the cost of a single epidemic 
would amply repay the outlay. 

As in the other islands, the black troops are now much more unhealthy 
than the white, and the sanitary condition of their barracks and theirj food 
evidently require looking into. Phthisis and chronic dysentery arc the chi(if 
diseases causing mortality. The average of 1 859-64 gave 1015 admissions 
and 20-46 deaths per 1000 of strength. In 1865 there were" 22*64 deaths per 
1000 of strength, or, excluding violent deatlis, 20*49 ; of these phthisis caused 
14*34, or no less than 70 per cent, of total deaths. 

St Lucia. 

Strength of garrison — 100 men, now usually black troops. Civil popula- 
tion (in 1871), 36,610. 

St Lucia is divided into two parts : Basseterre, the lowest and most culti- 
vated part, is veiy swampy ; Capisterre, hilly, with deep narrow ravines, full 
of vegetation. The climate is similar to that of the other islands, but is more 
rainy and humid. 

Diseases of the White Troops , — From 1817-36 ; average strength, 241 ; 
average deaths, 30==122’8 per 1000 of strength. Of the 122*8 deaths, 63*1 
were from fevers, 39*3 from bowel <iisease, and 12*5 from lung disease. 

Pigeon Island (a few miles from St Lucia) was formerly so unhealthy that 
on one occasion 22 men out of 55 died of dysentery in one year, and of the 
whole 56 men not one escaped sickness. The cause is sup^^osed to have been 
bad water. Now Pigeon Island is considered healthy. 

Although the mortality was formerly so gi*eat, St Lucia has been very 
healthy for some years. 

In 1859, mean strength of white troops, 96 ; admissions, 113, and there wasf 
not a single death, although, if the mortality had been at the rate of the 
twenty years ending 1836, 12 men would have died. 

Better food, some improvement in barracks, and the use of rain instead of 
well water, have been the causes of this extraordinary change, 

22 men were admitted with continued fever,” 18 with ophthalmia, and 
only 2 with venereal. 

In 1860 there was no case of dysentery and only two of diarrheea among 
100 men in this island, where formerly there would have been not only many 
cases, but four deaths. One man died from phthisis, or at the rate of 10 per 
1000. 

In 1861, out of 94 men, there was one death from jaundice, or at the rate 
of 10*6 per thousand. 

In 1862, there was 88 men on the island ; one man was drowned j there 
was no death from disease. No case of jaundice was admitted. 

In 1863 there was 55 men, and one death from accident ; them were 64 
admissions, of which 15 were accidents. 

Invaliding , — In 1860-65 there was discharged from the Windward and 
Leeward Command 28*86 per 1000 of strength. 


British Guiana. (193,941 inhabitants.) 

No white troops are at present stationed at Demerara. 

This station in the West Indian Command is on the mainland, extending 
from the equator (nearly) to 10® N., 200 to 300 miles, and inland to an un- 
certain distance. 

It is a flat alluvial soil of clay and sand, covered with vegetation. 

Th^ .water of Georgetown is not good ; it is drafm from a fresh-water lake 
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and an Arfcosian woH; the water from this well contains a good deal of 
iron. 

Trade winds fom N.E. and E. for nine months. In July, August, and 
September, S.E. and S. and land-winds. This is the unhealthy season. 

Two wet seasons, January and June ; the last is the longest. 

Temperature of summer, 86® ; of winter, 82®. Kain about 100 inches. 

Formerly there was an enormous mortality among the troops from yellow 
fever and scorbutic dysentery. The men used to have salt meat five times a 
week. 

The climate is most highly malarious, but this does not cause much 
mortality. 

Yellow fever has prevailed here several times. On one occasion (1861) the 
troops were moved out and encamped at some distance from Georgetown ; 
they escaped (seven mild cases only), although they were on a swampy plain. 

In 1817-36, the average deaths were 74 per 1000 of strength. 

In 1859, out of a moan strength of 143, there were 156 admissions = 1091 
per 1000 of strength ; 2 deaths =13*9 per 1000 of strength. One death from 
apoplexy, one from drowning. The deaths from disease were only 6*9 per 
1000, Of the 156 admissions, no less than 81 were from malarious disease, 
or at the rate of 519 per 1000 of strengtli, or nearly one-half the total 
admissions. 

In 1860, 1861, and 1862, the admissions from malarious disease continued 
Jiigh (673, 1380, and 1104 per 1000 of strength), the mortality was very 
small, being only 6*6 per 1000 in each year ; in fact, the single death in 1860 
and in 1861 was in one year from ‘‘acute hepatitis,” and in the other from 
accident. In 1862, in spite of the immense malarious disease, tlicre was no 
c^cath. 

Subsoquontl}^ to 1861 it aiqjears that scattered cases of fellow fsver. 
occurred among the shipping, and in the town every year; in 1866 there was 
an outbreak among the white troops. In eight Aveeks 16 deaths occurred 
among 72 men, or 22 per cent.* 

Some inq^ortant lessons are draAvn from the medical history of this station. 
It has l)ecn shown that even in a highly mjiliirious country yellow fever may 
bo evaded by change of ground, although the men are obliged to encamp on 
a sAvamp. Another remarkable point is the very small mortality attending the 
paroxysmal fevers. It Avould bo very interesting to knoAV the future history 
of such men, but it cannot be doubted that the lessened mortality since former 
years must be OAving to better treatment. 

The extent of malarious disease shoAVS how desirable it Avould be to avoid 
sending Avhito troops to Domerara. 

In French Guiana, Dr Laure, besides malarious fevers, describes typhoid 
fever to have been for some short time after the arrival of French political 
prisoners after the coup d'etat of 1851. It then disappeared. 

* A fall inquiry was made into this outbreak ; it was, as so frequently happens, localised, 
for the troops were suffering severely, while the health olKeer for the port (Dr Scott) states in 
his evidence (Report of the Commissioners appointed to Inquire into the Outbreak of Yellow 
Fever at Demcrara in 1866, p. 85) that the cases in town were “very few '’at the time. The 
barracks were badly circumstanced in various ways, particularly in having removal of sewage 
on a trench system, into which tlie latrines opened, and which trenches were intended to be kept 
clean by flushing ; they were, however, in a very foul state, and were merely open cesspools ; 
and the evidence of Surgeon-Major Hutton (Report p. 87) clearly points out that a thorough 
good system of dry removal is the proper plan for this colony. Whether this and the other 
unsanitary conditions gave its local development to the yellow fever, was a matter of doubt in 
the colony, but they are precisely the same conditions which have been so frequently seen in 
West Indian outbreaks, — a foul soil, and, in addition, open cess^mols exposed to the intense 
heat of a tropical sun, and to the influence of a moist atmosphere and a moist soil. On this 
occasion the troops were not removed from the barracks until too late. \ 
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Bahamas and Honduras. * 

The black troops garrison both those places, and show a degree of mortality 
nearly the same as in the other stations, the amount of phtliisis being very 
great. In 1862, at the Bahamas, there were no less than 4 deaths freni 
phthisis out of a strength of 439, or at the rate of 9*1 per 1000 of strength ; 
there were also 3 deatlis from pneumonia and 1 from pleurisy. In the year 
1859-66 the average deaths from tubercular diseases per 1000 men, were 
11*04 yearly, and from other diseases of the lungs, 5*86 ; out of 100 deaths 60 
were from diseases of the lungs. This is evidently a matter for careful inquiry. 

At Honduras, among the black troops, the deaths from tubercular disease, 
in 1859-66, were 4*04 per 1007 of strength. 

SECTION HI. 

BERMUDA. 

Usual strength of ganison about 1108 to 1300 men. Civil population (in 
1871), 15,309. 

Climate, — Hot, equable, and rather limited. 

Temperature , — Mean of year, 74°; hottest month (July), 83° *5 ; coldest 
month (February), 64°*5 ; amplitude of yearly fluctuation, 19°*0. 

The sanitary condition was formerly very bad ; there were no sewers, and 
no efficient dry method of removal Now matters are much improved, and in 
1875 the health of tlie troops was reported excellent. Rain water is used for 
drinking. 

Diseases of the Troops, • 


Teaks. 

Lo.s8 of Strength per 1000 per annum. 

Loss of Service per 1000 per annum. 

Total 

Deaths. 

Deaths from 
Disease. 

Invaliding. 

Admission. 

Mean Daily 
Sick. 

Days in 
Hospital to 
each Slek 
Man. 

1817-36, . . . 

28-8 



768 



1837-46, . . . 

35*5 



1080 



1861-70 (10 years), 

26-02 

... 

206 

764-3 

39-54 

15 

1867 (highest ; yel- ) 
low fever year), } 

169-64 

168-83 

... 

... 

... 

... 

1860 (lowest), . . 

8-55 

5-70 





1865-74 (teu years), 

15-04 

... 

21-92 

716-5 

35-89 

18*27 

1875, 

11-05 

8-95 

19-93 

601-4 

33*08 

20 07 


This history of the West Indies may bo applied to Bermuda, though, with 
the exception of yellow fever years, it never showed the great mortality of 
the West Indies. There is no great amount of paroxysmal fevers ; in ten 
years (1837-46) there were only 29 admissions out of an aggregate strength 
of 11,224 men. 

Yellow fever has prevailed seven times in this country — ^viz., in 1819, 
1837 1843, 1847, 1853, 1856, and 1864. 

The history of the y(jllow fever in 1864 is given in detail by Dr Barrow.* 

The total mortality was 14 officers, 173 men, 6 women, and 4 children. 
The deaths to strength were, among the officers, 18*9, and among the men, 
14*9 per cent. The officers’ mortality was owing to a large number of deaths 
among the medical officers. 

^ * Array Medical Report, vol. v. p. 1^0, 
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Tho town of St George^s, in Bermuda, presents every local condition for 
the spread of yellow feVcr ; the Ijown is quite uusewered ; badly supplied with 
water ; badly built * 

“ Dandy fever,” or break-bone (Dengue), has prevailed several times. 

‘‘Continued fevers” (no doubt in part typhoid) have always prevailed 
more or less at Bermuda. In tho ten years (1837-46) they gave 1004 
admissions out of 11,224 men, or 88 per 1000 of strength, being much 
greater than at home. 

In 1859 there were only 11 cases of “continued fever” out of 1074 men ; 
but in 1860^ “continued fever” prevailed severely (209 cases in 1052' men). 
It was of a mild typo, and caused little mortaUty. It was probably not 
typhoid, but I have learned nothing definite of its nature. It prevailed in 
September, October, and November. Was it mild, bilious, remittent, or 
“ relapsing fever ? ” It is said that the drainage was defective at Hamilton. 

In 1866 there was decided typhoid fever, and a considerable mortality. In 
1875 there were 5 admissions recorded and 1 death in 1902 men. 

Formerly tuberculous diseases caused a considerable mortality. In the years 
1817-36, diseases of the lungs gave a mortality of no less than 8*7 per 1000 
of strength. In 1837-46, the lung diseases gave a yearly mortality of 8*3 
per 1000 of strength. Of late years the amount has decreased. The 
admissions and deaths respectively were 10*5 and 2*6 in tho seven years 
1859-65. In 1870 the deaths from phthisis were 1*57, and in 1871 no less 
than 5*19 per 1000 of strength; in 1875 they were 1*58. 

Diarrhoea anti dysentery were also formerly very common, but of kite years 
there has been a groat decrease. Diseases of the eyes are common. 

There has always been much intemperance, and a large number of deatlis 
from delirium trenums. This was the case even in 1866 ; there were no loss 
than 5 deaths out of a total of 28. 

Venereal diseases have averaged from 55 to 80 per 1000 of strength. 

Ill considering the sanitary measures to be adopted at Bermuda, it would 
seem that drainage and ventilation are still most defective, and tliat means 
should be taken to check intemperance. If yellow fever occurs, tho measures 
should be tlio same as in the West Indies. 

SECTION IV. 

AMERICAN STATIONS. 

Sub-Section I. — Canada.* 

Tho usual garrison used to be from 3000 in profound peace, to 10,000 or 
12,000 in disturbed times. In 1871 the troops were withdrawn from Canada 
and concentrated at Halifax. 


Lower Canada. 

Chief Stations — 1. Quehcc (59,699 inhabitants). 

Temperature , — Mean of year, 41®; hottest mouth (July), 71“*3; coldest 
(January), 11°. Annual fluctuation, 60® *3. 

The undulations of temperature are enormous. In the winter, sometimes, 
there is a range of 30, 40, and even more degrees in 24 hours, from tho 
alternation of northerly and southerly winds. In one case the thermometer 
fell 70® in 12 hours. Tho mercury is sometimes fro^sen. 

* For an excellent account of the Canadian stations, see Sir W. Muir’s Report in the 
Army Medical Reports for 18(52^ p. 375 , 
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The mean temperature of the three summer months is 69 ; winter mouths, 
12®'8. The climate is “extreme” and variable. 

JVaiw.— About 36 to 40 inches. The air is dry in the summer, and again 
in the depth of winter. 

Barracks, — Built on lower Silurian rocks. No ague is known, though the 
lower town is damp. 

Amount of cubic space small Casemates in citadel very bad, damp, ill 
ventilated, ill lighted. 

2. Montreal (107,225 inhdbitant$\ 

Temperature, — ^Mcan of year, 44“ *6 ; hottest month (J’ ly), 73“ *1 ; coldest 
(January) 1 4“ *5. Annual lliictuation, 58“ *6. The undulations are very gr^jat, 
though not so great as at Quebec. 

Mean of the three summer months, 70“ *8; of the three winter months, 

17“*2. 

Main, — 36 to 44 inches. 

Bairacks, — Bad j very much overcrowded. 

In LoAver Canada are also many smaller stations. 

Upper Canada. 

Chief Stafiom — 1. Toronto (70,000 inhabitants), 

Tempei'atvre, — Mean of year, 44“ *3; hottest month (July), 66“ *8; coldest 
(February), 23“ *1. Difference, 43*7. Great undulations. 

Rain, — 31 '6 inches. 

The town stands on ground originally marshy. Th3 new^ liaiTacks arc Imilt 
on limestone rocks of Siluiian age. Average cubic space, only 350? 
Drainage bad. 

Intermittent fevers among the civil population ; not very prevalent aiiibiig 
the trooi)S. 

2, Kingston^ 

Temperature, — Mean of year, 45“ *8. 

Malarious. 

London, Hamilton, and several smaller stations — Fort George, Amherstberg, 
&c. — were also occupied at one time. 

Diseases of the Civil Inhabitants, 

Formerly ague wns prevalent in Upx)cr Canada, especially in Kingston ; it 
is now much less. At Montreal ague used to be seen ; now is much less 
frequent. It prevails from May to October, and is worst in August. 

If the isothero (mean summer tcmijerature) of 65“ be the northern limit of 
malaria, both Quebec and Montreal are witliin the limit ; yet the winter is 
too severe, and the jjeiiod of hot weather too short, to cause much develop- 
ment of malaria. 

The climate is in both provinces very healthy, and has been so from the 
earliest ^(^cords, though, when the country was first settled, there was much 
scurvy. 

Typhoid is sometimeis seem Typhus has been often carried in emigrant 
ships, but has not spread, or at least has soon died out. Cholera has pre- 
vailed. Yellow fever dies out. Consumption is decidedly infrequent. 

Acute j)ulmonary diseases used to be considered the prevalent complaints, 
• but it^ doubtful whether they are much more coiumon than elsewhere. 
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^ Diseases of the Troops, 

Years 1817-36 (20 years). — ^Admissions per 1000 of strength == 1097 ; 
deaths 16*1 ('without violent deaths). 

Years 1837-46 (10 years). — Yearly admissions per 1000 of strength, 982 ; 
average daily sick per 1000 of strength, 39-1 ; mortality (violent deaths 
excluded), 13 ; mortality with violent deatlis, 17*42. 

The mortality was made up in part of — fever, 2*13; lung disease, 7*44 ; 
stomach and bowels disease, 1*11 ; brain disease, 1*28. Nearly two-thkds of 
the fevers are returned as “ common continued, probably typhoid. * 

Venereal admissions, 117 per 1000. 

Erysipelas was epidemic at Quebec, Montreal, and Toronto in 1841 ; at 
Montreal in 1842, from bad sanitary conditions. 

Tlie following table shows the mean of the later years ; — 


Ysars. 

Lass of Strength per 1000. 

I., 08 s of SeiTicc per lOOO. 

By total 
Deaths. 

By Deaths 
from 
Disease. 

By 

Invaliding. 

Admis- 

sions. 

Mean Daily 
Sick. 

I Days in 
Ilospiral 
to each 
Sick Man. 

1861-70 (10 yeara), . . 

1871, 

901 

9-55 

5*87 

15-9 

17-6 

646-9 

679-8 

30-36 

3315 

17-14 

17-8 


Injlueiice of Age on Mortality, 



Under 20. 

20-24. 

25-29. 

30-?i4. 

35-39. 

40 and over. 

1861-70 (10 years), 

1 3-47 

6*01 j 

9*80 

11-13 

17-66 

20-23 


These numbers show, what indeed is api^arent in all the recjords, that 
Canada is a very healthy station. 

Tlic amount of phthisis lias always been smaller than on home service, and 
regiments of the Guards proceeding from London to Canada have had on two 
occasions a marked diminution in phthisical disease. 

In this respect, also, Canada contrasted formerly with the West Indies, but 
of late years the decline of phthisis in the West Indies has lessened the 
superiority of Canada. 

The comparatively small amount of phthisis is remarkable, as the troops 
have at tim(?s been very much crowded in barracks. They have now the home 
allowance of space (600 cubic feet). 

Of late years phtliisis has declined considerably with improved barrack 
accommodation. 

In the 20 years, 1817-36, the annual admission's were 6*5, and the deaths 
4*22,per 1000 of strengtL 

In the years 1859-65 the admissions from the whole tubercular class were 
8*3, and t^e deaths were 1*67, per 1000 of strength.* It is curious to ob- 
serve that tt is diminution has been coincident with a similar change at home.f 

* Still the lung complaints are higher than they should be. Sir William Muir (Army Med. 
Report, vol. viii. p. 56), after detailing the measures taken by him to improve the Barrack 
accommodation, says, cannot help thinking that the large iiuniher of men treated and in- 
/alided for chest disease, during the five years! have been on this command, bears a close rela- 
• tionship to this impure state of barrack air,” 

t In contrasting the consumptive invalidity at Gibraltar, Bermuda, and Canada, the Re- 
porters of 1839 (Array Med. Report) remark that the returns afford another interesting 

S roOf how little tlie tendency to consumption is increased either by intensity of cold or sud- 
en atmospherical vicissitudes.*’ See also the remarks on Phthisis in India at a subsequent 
page. 
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The acute lung affections, pneumonia, and acute broncliitis, appear formerly 
to liiivc been rather more prevalent in Canada than they are now. 

The following table gives the mean and extremes for 8 years (1859-66) : — 

Per 1000 of StreiifrMi. 


Admissions. J>eHths. 

Pneumonia — ](lean, . . . 12*24 -8576 

Highest, . . . 15*33 1*996 

Lowest, . . . 7*91 *411 

Acute bronchitis —Mean, . . 42*67 *309 

Highest, . . 49*79 *719 

Lowest, . . 28*48 *092 


Average of the mean of both, . 27*45 *5833 


If this table is compared with the similarly constructed table (at page 615), 
showing the prevalence of these diseases at home, it appears that both pneu- 
niouia and acute bronchitis are rather more fatal in Canada. Both together 
gave a mortality of *856 per 1000 at home, and 1*166 per 1000 in Canada, 
The admissions from pneumonia are also higher, but those from acute bron- 
chitis are one-third loss than at homo, showing that the common catarrhal 
affections are probably less frequemt in Canada. On the whole, however, tlie 
iiiflueiice of the severe climate and the exposure on guard iu Canada produces 
less effect than might liave been anticipated. 

“ Continued fevers ” (probably cnteiric) almost yearly give some mortality ; 
the mean being about *6 per 10()0 of strength. This is actually more than 
on homo service, and depends probably on the difficulties connected with 
drainage. A good dry system is the only plan which can be depended on in 
Canada. 

The great hoaltliiness of Canada in part probably depends on the fact, that * 
the extreme cold in winter lessons or prevents decomposition of animal matter 
and the giving oft* of eftluvia ; hence, in spite of bad drainage and deficient 
water, there is no very great amount of fever. In the hot summer, the life is 
an open-air one. Even in winter the dry cold permits a good deal of exercise 
to ho takeiL 

The amount of drunkenness and delirium tremens in Canada used to be 
great. In 1863 no less than 9 out of 96 deaths, or nearly one-tenth, were 
caused by delirium tremens. Violent deaths also arc usually large, drowning 
giving the largest proportion. 

The sickness and mortality of Nova Scotia and Newfoundland are almost 
identical with Canada, and they are now included in the returns under the one 
head of “ Dominion of Canadiu” Both stations have always been considered 
very healthy. There is some typhoid fever at Halifax, and at both places 
there was fonnerly much drinking, but that is now less. In British Columbia, 
where there is a small garrison of 100 to 150, the health is also extremely 
good. 

SECTION V. 

AFRICAN STATIONS. 

Sub-Section I. — St Helena. 

Ganison, 350 to 700. In 1875 only 185. Civil population (in 1871), 
6,241. 

Until very lately this small island has been garrisoned by a local corps (St 
Helena Kegiment). The system is now altered, and a West India Regiment 
serves in the island for three or four years. 
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The island has always been healthy ; seated in the trade-winds, there is a 
tolerably constant breeze from south-east. The average mortality in the years 
1859-66 was 975, or without violent deaths, 7’85. In 1867 the mortality 
from disease was only 5*24. In 1875 almost the same, viz., 5*41. There is 
very little malarious disease (about 50 to 60 admissions per 1000' of strength), 
but there has frequently been a good many cases of continued fever,” and 
dysentery and diarrhoea are usual diseases. Formerly there appears to have 
been much phthisis, but this is now much less, giving another instance of the 
decline of this disease, as in so many other stations. 

In the years 1837-46, the admissions from tubercular diseases averaged 21 
per 1000 per annum, and the deaths 5*45. In the years 1859-66 the admis- 
sions from tubercular diseases were 6*6 ; and the deaths 1*66 per 1000. In 
1867 there were no admissions. The health of the troops would have been 
even better if the causes of the continued fever and dysentery could have been 
discovered and removed, and if the amount of drunkenness had been less. 
The returns from St Helena are now combined with those from the Capo of 
Good Hope. ^ 

Sub-Section II. — West Coast of Africa.* 

The principal stations are Sierra Leone, and Cape-Coast Castle. 

The station of Gambia has now been given up, and troops are no longer 
stationed regularly at Lagos (500 miles from Cape-Coast Castle, and occupied 
in 1861). In 1875 Sierm Leone, Cape-Coast, and Accra were occupied, and 
Elinina for a short time, Ho white troops are employed, except during war- 
time, as in the Ashanti campaign of 1873. 

Sierra Leone. 

Strength of garrison, 300 to 500 black troops, with a few officers and non- 
commissioned olHcers. Civil population (in 1872), 37,089. Hot season 
from May * to the middle of H ovember ; Harmattan wind in December ; 
soil, red sandstone and clay, very ferruginous. There are extensive mangrove 
t<wamps to H. and S. Water very x)ure. The spring in the banack st|uare 
contains only 3 to 4 grains per gallon of solids. 

This station had formerly the reputation of the most unhealthy station of 
the army. Hor was tliis undeserved. 

From 1817 to 1837 (twenty years) there were ye*drly among the troops — 
Admissions, . . . 2978 per 1000. 

Deaths, .... 483 „ 

At the same time, about 17 per cent, of the whole white population died 
annually. 

The chief diseases were malarious fevers, which caused much sickness, but 
no great mortality ; and yellow fever, which caused an immense mortiility. 
Dysentery, chiefly scorbutic, was also very fatal 

The causes of this great mortality were simple enough. The station was 
looked upon as a place of punishment, and disorderly men, men sentenced 
for crimes, or whom it was wished to get rid of, were draughted to Sierra 
Leone. They were there very much overcrowded in barracks, which were 
placed in the lower part of the town. They were fed largely on salt meat ; 
and being for the most part men of desperate character, and without hope, 
they were highly intemperate, and led, in all ways, lives of the utmost disorder, 
Ttiey considered themselves, in fact, under sentence of death, and did their 
best to rapidly carry out the sentence. 

* For a very good account of the topography of the Gold Coast, see l)r R. Clarke's paper in 
the TYausactions Epid. Society, #vol. i, • 
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Eventually,, all the wliite troops were removed, and the place has since 
been garrisoned by one of the West Indian regimenta Of late years, the total 
white population of Sierra Leone (civil and military) has not been more than 
from 100 to 200 persons. 

The great sickness and mortality being attributable, as in so many other 
cases, chiefly to local causes and individual faults, of late years Europeans 
have been comparatively healthy ; although from time to time fatal epidemics 
of yellow fever occur. They are, however, less frequent and less fatal tliau 
formerly. The position of the barracks has been altered, and the food is much 
bettor. One measure which is supposed to have improved the health of the 
place, is allowing a species of grass (Bahama Grass) to grow in the streets. 
The occupiers of the adjacent houses are obliged to keep it cut short, and in 
good order. 

During the four years, 1863-66, there died 8 white non-commissioned 
officer^, in the whole command of the West Cotist, out of an average strengtli 
of 25, or at the annual rate of 80 per 1000 of strengtli. Tiiree of the 8 deaths 
were froju liver disease, two from delirium tremens, two from fevers, and one 
from dysentery. In 1867 two seijeants died, out of 15 white men — one from 
apoplexy, one from delirium tremens. 

Among the black troops serving in Sierra Leone and the Gold Coast, the 
returns of the ten years 1861-70 give 1283 admissions and 22*49 deaths per 
1000. Ill 1871 the deaths were 15*63 per 1000 from disease. Among the 
causes of death, tubc3rcular diseases hold the first place, amounting to 7*05 per 
1000 of strength. In 1862 phthisis amounted to no less than 12*6 per 1000 
of strength, and constituted 43*7 per cent, of all deaths from disease. There 
were also 9*46 per 1000 of strength deaths from pneumonia. In 1863 tlio 
deaths from phthisis wore 9*3 j)er 1000 of strengtli, .and made up 36*3 per^ 
cent, of the tohil deaths. In 1867 the tubercular deaths per 1000 of strength 
were 17*71 in Sierra Leone, 15*87 at the Gambia, and 12*58 at theDoldCoiist 
and Lagos together. It seems clear, indeed, tliat in all the stations of the 
AVest India corjis (black troops), the amount of phthisis is great ; in fact, the 
state of hi^alth generally of these regiments requires looking into, as in the 
AVest Indies. 

In 1862 there were only five cases of intermittent, and eiglitoen of romittent 
fever among 317 negroes. 

In 1861 some of the troops from Sierra Leone and the Gambia were em- 
ployed up the Gambia against the Mandingoes, and also against the chiefs of 
Quiat. in 1863 and 1864 the Ashanti war prevailed. All these wars added 
to the sickness and mortality, so that these years are not fair examples of the 
influence of the climate. 

Gamhid, 

No troops have been quartered here of late years, and it has been in con- 
temidation to abandon the station. It is much more malarious than any of 
the others. The diinking-water is bad ; all barrack and sewage arrangements 
are imperfect. Yellow fever from time to time is very dcstructiva In 1859 
two out of four European serjeants, and in 1860 three medical officers, died 
of yellow fever. Among the black troops in 1859-65 the admissions were 
1169*8, and the deaths 29*97 per 1000 of strength. 

As at Sierra Leone, phthisis and other diseases of the lungs caused a large 
mortality among the negroes. In 1861 phthisis gave five deaths out of a 
strength of 421, or at the rate of 11*6 per 1000 strength; and pneumonia 
gave four deaths, and acute bronchitis three, or (together) at the rate of 16*24 
•per 10j||0 of strength. Phthisis, pneumonia, and bipnehitis gave nearly 60 
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per cent, of all deaths from diseajga This was liigher than in previous years ; 
but in 1862 phthisis gave 14*35 deaths per 1000 of strength, and constituted 
75 per cent, of the whole number of deaths. There was, however, no 
pneumonia or bronchitis in that year. In 1856 the tubercular class gave 9*53 
deatlis per 1000. In 1863, however, there were no deaths from idithisis. 
Although the period of observation is short, it can hardly be doubted that 
here, as elsewhere in the stations occupied by the West Indian regiments, 
some causes influencing the lungs prejudicially are everywhere in action. It 
is probably to bo found in bad ventilation of the barracks. 

Among the few white residents at the Gambia, diarrhoea, dysentery, and 
dyspepsia appsar to bo common. These, in part, arise from the bad water ; 
in part from dietetic errors (especially excess in quantity), and want of exercise 
and attention to ordinary hygienic rules. 

Ca^e- Coast Castle (Gold Coast). 

Garrison, 300 to 400 (black troops). 

This station has always been considered the most healthy of the three 
principal places. It is not so malarious as even Sierra Leone, and mucli 
less so than the Gambia, and has been much less frequently attacked with 
yellow fever. Dysentery and dyspepsia are common diseases among the 
white residents. Among the black troops the prevalence of phthisis, 
I)neumonia, and bronchitis is marked, though less so, perhaj^s, than at the 
other two stations. 

One i)eculiarity of the station is the prevalence of dracunculus. This is 
uncommon at Sierra Leone, and at the Gambia. It is, on the other hand, 
very frequent at Cape-Coast Castle. 


Admissions from Guinea- pet* 1000 of Strength. 


• GAjilllSONS. 

1860. 

1861. 

1862. 

1863. 

Sierra L(?one, .... 

2*6 



11*62 

Gambia, 

Cape-Coast Castle, . . . 

Lagos, 

246 

285 

ii*5 

38 

12*8 


The investigation of the cause of dracunculus at Cape-Coast Castle is one 
which would well repay the trouble, so abundant is the material of observa- 
tion ; it would probably clear up the still doubtful points on the mode of 
ingress.* 

Hygiene on the West Coast. 

There is no doubt that attention to hygienic rules will do much to lessen 
the sickness and mortality of this dreaded climate. In fact, here as elsewhere, 
men have been contented to lay their own misdeeds on the climate. Malaria 
has, of course, to be met by the constant use of quinine during the whole 
period of service. The other rules are summed up in the following 
quotation from Dr Eobert Clarke's paper, f and when we reflect that this 
extract expresses the opinion of a most competent judge on the effect of 
climate, wo must allow that, not only for the West Coast, but for the West 
Indies, and for India, Dr Clarke's opinions on the exaggeration of the effect 
of the sun's rays and exposure to night air, and his statement of the necessity 
of exercise, are full of instruction : — 

* For anybody interested in the investigation of the anatomy of the dracnnculus, Pr Bastion's 
paper in the Linnean Transactioijp (1863) can be recommended. 

+ Trans, of the Epidem. Soc. vol. i. pp. 123, 124, 
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“ Good health may generally he enjoyed by judiciqjis attention to a few 
simple rules. In the foremost rank should bo put iemperaiicey with regular 
and industrious habits. European residents on the Gold Coast are too often 
satisfied with wearing apparel suited to the climate, overlooking the fact that 
exercise in the open air is just as necessary to preserve hmlth there as it is in 
Europe. Many of them likewise entertain an impression that the sun's rays 
are hurtful, whereas in nine cases out of ten the mischief is done, not by the 
sun's rays, but by habits of personal economy. Feeling sadly the wearisome 
sameness of life on this part of the coast, recourse is too frequently had to 
stimulants, instead of resorting to inexhausting employments, the only safe 
and effectual remedy against an evil fraught with such lamenhiblo con- 
sequences. Europeans also bestow too little attention on ventilation, far more 
harm being done by close and impure air during the night than is ever 
brought about by exposure to the night air. 

“ Much of the suffering is occasioned by over-feeding.” (P. 124.)* 

Sub-Section III. — Cape of Good Hope. 

Garrison, about 3000 men. 

The chief stations are Cape Town (about 45,000 inhabitants), Graham's 
Town, King William's Town, Port Elizabetli, Algoa Eay, and several small 
frontier stations. At Katal there is also a small forca The climate is 
alniost everywhere good ; the temperature is neither extreme nor very 
variable j the movement of air is considerable. 

At Cape Town the mean annual tcmi)crature is 67®, with a moan annual 
range of about 38^ 


Teaks. 

. 

Total Deaths. 

Admissions. 

Mean Daily Sick. 

Days in 
Hosvitxl to 
* each Sick 
Man. 

1860-69 — (10 years), . . 

10-87 

973'3 

50-24 

18-83 

1 869-74 — (6 years), . . 

11-15 

1022 1 



tl875, 

7-30 

775-6 

37-68 

17-73 


Malarious diseases are very uncommon. Continued fevers (probably 
typhoid) are seen and are rather common, though not very hitaL In 1859-66 
they gave a mortality of 1*25 per 1000. In 1869-74 only 0*35 per 1000. 
In the earlier periods dysentery and diarrhoea were very common ; they are 
now less so ; in many cases, especially in the small frontier stations, they 
were clearly owing to bad water. 

Ophthalmia has j)rcvailed rather largely, especially in some years ; there 
is a good deal of dust in many parts of the colony, and it has been attributed 
to tins ; the disease is probably the specific ophthalmia (grey granulations), 
and is propagated by contagion. Whether it had its origin in any catarrhal 

* Considerable interest in this part of the work was ronsed by tlie occurrence of the Ashanti 
War of 1873, for an admirable account of which see the Army Medical Reports, vol. xv., where 
Hir Anthony D. Home gives a full medical history of the operations carried on. The excellent 
hygienic arrangements enabled the anluous work of the expedition to be accomplished with a 
comparatively small loss. Rut the few casualties in action compared with the deaths by 
disease show by contrast how much more deadly were the forces of nature than those of the 
enemy. 26 officers died, of whom only five were killed or died of wounds : 13 men were killed 
(white troops), whilst 40 died of disease ; of the West Indian troops (black) only 1 was killed, 
whilst 41 died of disease. For analysis of soil of Gold Coast see Army Med. R^orts, vol. xiv., 
p. 264, and for some account of the drinking water, see papers by Dr J. D. Fleming in vols. 
xiv. XV. 

f Including the detachment at St Helena. 
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condition produced by tbe wind and dust, and then becanio contagious, is one 
of those moot points which cannot yet be answered. 

The Cape has always been noted for the numerous cases of muscular 
rheumatism. Articular rheumatism is not particularly common. There is 
also much cardiac disease. The prevalence of this affection has been 
attributed to the exposure and rajjid marches in hill districts during the 
Kaffir wara In 1863 there was, however, less rheumatism than usual. 

Taking the yeara 1859-66 as expressing tolerably fairly the effect, pc?* 
of the station, we find that the whole colony gave 18-3 admissions and 1*90 
deaths per 1000 of strength from diseases of the circulatory organs. In 
1869—74 the admissions were 13*1, and the deaths 1*68; in 1875 they were 
13*1 and 1*45 respectively. 

Dr Lawson* has lately contributed a valuable paper on this subject, lie 
finds the death rate from diseases of the organs of circulation (mean of seven 
years, 1859-65) as 1*91 per 1000 of strength. This is higher than at any 
other foreign station, as will bo seen from the table copied by Dr Lawson. 


Mortality from Diseases of the Circulatory Organs. 



Ratio per 1000 


Ratio per 1000 


Ratio per 1000 


of Stren^h. 


of Strengtli. 


of Strength. 

Cape of Good Iloiie, 1 *91 

Bombay, . 

. . -80 

Malta, . . 

. . -53 

Kew Zealand, 

. 1-18 

Bengal, . . 

. . -86 

Gibraltar, . 

. . -70 

Australia, . 

. 1-72 

South China, 

. . 116 

Bonnuda, . 

. . 1 "In 

Mauritius . 

. -53 

West Indies, 

. , 102 

Nova Scotia, 

. . -84 

St. Helena, 

. -31 

Jamaica, . 

. . -85 

(^anada, , , 

. . 1-19 

Ceylon, 

. Ml 

Ionia, . . 

. . -84 

Home, . . 

. . -93 

Madras, 

. . 112 






’ This table shows an extreme diversity, hardly to be reconciled with 
differences -of climate or duties. In the years' 1869-74 the death rate was 
1*68, and was exceeded by that of the Mauritius, 2*29, and that of Madras, 
1*99. In 1875 the rate at the Cape was ordy 1*45, while Ceylon showed 
3*87, Bermuda 2*63, and Madras 2*05 ; Mauritius returning no death. 

Scurvy formerly prevailed much at the Cape, particularly in the Kaffir 
wars. 

Venereal diseases have of late years have been very common. The average 
admissions from “ enthetic ” diseases in 1859-66 were 248*5, and in 1867 
they were 438*3 per 1000 of strength in the whole colony. In Cape Town 
alone, where facilities for promiscuous intercourse are greater, they are even 
more numerous.! Some diminution has tiikon place in recent yoara 

The Cape has always been considered a kind of sanitarium for India. Its 
coolness and the rapid movement of the air, the brightness and clearness of 
the atmosiihere, and the freedom from malaria, probably cause its salubrity. 
It has been supposed that it miglit be well to send troops to the Cape for two 
or three years before sending them on to India, .^his phin has, I believe, 
never been perfectly tried ; but in the case of regiments sent on hurriedly to 
India on emergency it has been said that the men did not bear the Indian 
climate well. Probably they were placed under unfavourable conditions, and 
the question is still uncertain. 

As a convalescent place for troops who have been quartered in a malarious 
district it is excellent, t 

* Dr Lawson has published a memoir on this subject (Army Medical Report, vol. v. p. 338), 

to which reference may bo made. ^ 

+ Army and Med. Depart. Report, vol. vui. p. 548. 

J See eflfect on the 59th RegiAent in the Army Medical Report for 1859, p. 99. 
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SECTIOSr VI. 

MAURITIUS. 

Garrison, about 1500 to 2000 men. Civil population (in 1875), 344,602. 

Mauritius in the eastern has been often compared with Jamaica in the 
wastorn seas. The geographical position as respects the equator is not very 
dissimilar ; the mean annual temperature (80° Falir.) is almost the same } the 
fluctuations and undulations are more considerable, but still are not excessive ; 
the humidity of air is nearly the same, or perhaj)s a little less ; the rainfall 
(66 to 76 inches) is almost the same ; and the physical formation is really not 
very dissimilar. Yet, with all these points of similarity in climatic conditions, 
the diseases are very dififeroiit. 

Malarious fever was formerly not nearly so frequent as in Jamaica, and true 
yellow fever is quite unknown ; Mauritius, therefore, has never shown those 
epochs of great mortality which the West Indies have had. Hepatic diseases, 
on the other hand, which are so uncommon in the West Indies, are very com- 
mon in the Mauritius. For example, in 1859 there were 47 cases of acute 
and chronic hepatitis in 1254 men, while in Jamaica tliero was one case out 
of 807 men. In 1860 there were 31 admissions from acute hepatitis out of 
1886 men ; in Jamaica, there was not a single case. In 1862 there were 12 
cases of acute, 11 of chronic hepatitis, and 72 cases of hepatic congestion, out 
of 2049 men ; in Jamaica, in the same year, there was only 1 case of acute 
hepatitis out of 702 men. This has always been marked ; is it owing to an 
error in diagnosis, or to differences in diet ? It can scarcely be attributed to 
any difference in climate. In 1863 the difference was less marked, but was 
still evident. In later years, however, there has been considerable diminu-** 
tioii : in 1872 there were only 4 cases of hepatitis, and in 1873 only 2. Since 
that year no detailed statistics have been published. 

In 1866-67 a very severe epidemic fever prevailed in the Mauritius, which 
offers many points of interest. As already noted, the Mauritius has till lately 
been considered to be comparatively free from malaria. All the older writers 
1 have consulted state this, and it is apparent from all the statistical rotunis. 
Deputy-Inspector Dr Francis Reid, in a late report,* mentions that he had 
served ten years in the Mauritius, and had looked over the records of the 
troops for twenty-four years. He found some records of intermittents, but he 
traced all these to foreign sources, viz., troops coming from India, China, or 
Ceylon, and presenting cases of relapses. 

For the first time, in the latter months of 1866 and the commencement of 
1867, malarious fevers of undoubted local growth appeared on the western 
side of the island. 

The causes of this development are traced by Dr Reid, and also by Surgeon- 
Major Small and Assistant-Surgeon W. IL T. Power, in some very cai*eful 
Reports, t During the last few years a large amount of forest land has been 
cleared, and there has been much upturning of the soil ; coincidently the rain- 
fall has lessened, and the rivers have become far less in volume. At the same 
time, there has been a large increase of population ; a great defilement of the 
ground in the neighbourhood of villages and towns, so that in various parts 
of the island there has been a constant drainage down of filth of all kinds 
(vegetable and animal) into a loose soil of slight depth, resting on impermeable 


* Letter to the Director-General, Feb. 1867. 

t Annual Report on the District Prison Hospitals (in 1867, Mauritius, 1868). 
'alarifljl^^idemio Fever of the Mauritius, Army Depart^ Report, vol. viii. p. 


On the 
442. 



MAURITIUS. 


657 


rock, wliicli forms a gjcat deal of the western seaboard. In 1866-67 tliere 
occurred an unusually hot season, and again a deficient rainfall Tliis seems 
to have bn^ught into active operation the conditions which had been gradually 
increasing in intensity for some years. The development of the malaria was 
not so much on the regular marshy ground as on the loose contaminated soil 
already noticed. 

That the fever which in 1866-67 became so general was of malarious type, 
is proved by a large amount of evidence on the spot from both military and 
civil i)ractitioncrs, and from the fact that many soldiers returned to England 
and had at hoi^e relapses of decided paroxysmal fevers. Dr Maclean also in- 
forms me that ho lias seldom seen spleens so enlarged as among the invalids 
from this fever, who arrived at Netley. 

I>ut in some respects this fever presented characters different from common 
paroxysmal fevers. Tliere was no very great mortality among the troops, but 
it was excessively fatal among the inhabitants of Port Louis and many other 
towns and villages. It also lasted for many months, and was attended in 
many cascis with symi)toms not common in common paroxysmal fevers, viz., 
with yellowness of the skin and with decided relapses, closely resembling in 
tliese respetits the common relapsing fever. Mixed np with it also was de- 
cided typhoid fever. The question whether the great hulk of the epidemic 
was a purely parox^^smal or malarious fever, with an independent subordinate 
outbreak of tyidioid fever, or whether it was a composite affection like the 
“ typho-malarial fever ** of the American war,* or was mixed np with the 
contagious ‘‘ Indian jail fever ” imported by Coolies, is not a matter very easy 
to decide. The officers best qualified to judge (Drs Kcid, Small, and 
Power) look upon it as a purely malarious dise«iso, and have expressed them- 
s dves very strongly on this point, f 

Tills much seems certain, that in various parts of the island the loose, 
porous, shallow soil had been gradually becoming more and more inquire with 
vegotalile matters, and in some cases witli animal excreta ; that tliere had 
bi*en a gradual diminution of the subsoil water, and that this reached its 
maximum in 1866, when the rains failed, and the hot season was prolonged. 
Th( 3 re coincided, then, an unusual impurity of soil, lowered subsoil water, 
cotisetpiciit iiicr(3ascd access of air, and heightened tenqieraturo. Under these 
conditions, a usually non-malarious soil gave rise to an epidemic fever, which 
was cliaracterised (chiefly at any rate) by the symiitoms referred to the 
acition of marsh miasmata, and was curable by (piinine. The admissions 
for paroxysmal fevers alone were, in 1875, 585*5 per 1000, and in 1869—75 
(five ycai*s) 722*3 per 1000 as a mean. 

In the Mauritius, as in Jamaica, a “ continued fever ” is not uncommon ; 
this is now being returned in part as typhoid. J It has occasionally been 
imported. There are fevers vaguely named “ bilious remittent,” “ Bombay 
fever,” “ Coolie fever,” &c. The last tenn denotes the communicable fever so 
common in the jails in the Bengal Presidency. It prevailed in tlie jails in 
the Mauritius in 1863 and 1864-, among tlio Hindoos. The “Bombay fever” 
is probably typhoid. Dysentery and diarrlKca have largely prevailed, but are 

* As descrilMid by Woodward, Comp Diseases of the United States Armies, byJ. J, 
Woodward, M.D., Philadelphia, 1863, p. 77. 

+ Tlie two latter gentlemen say, op. cit. p. 453 — “ It was entirely of malarions origin, and 
in every form, we might say, perfectly curable by the administration of quinine in largo doses.” 
These observers entirely deny that it had any cont-agious properties. 

t Dr Reid has no doubt of the fretiuent occurrence of typhoid for many years. He mentions 
an interesting fact, viz., that patients with true enteric fever were also affected with the 
malarious epidemic fever ; this la^fer was, however, easily curable by quinine, but the t*«)hoid 
fever, which was also present, was quite unaffected, 



658 


FOREIGN SERVICE. 


now becoming less frequent, though still in too great amount. In this 
respect Jamaica now contrasts very favourably with the Mauritius; thus, in 
1860, there was altogether 213 admissions per 1000 of dysentery and diarrhcea, 
and 6-8 deaths per 1000 ; in Jamaica, in the same year, there was not a single 
admission from dysentery, and only 19 from diaiThwa, among 594 men, and 
no death. Cholera has prevailed five times — tot in 1819; not afterwards 
till 1854; then again in 1856, 1859, and 1861. (It appeal's to have been 
imported in all these cases.) Formerly there was a large mortality from lung 
diseases ; now, as in Jamaica, this entry is much less, not more than half that 
of former days. The deaths from iditliisis per 1000 of strength were, in 
1860, -521; in 1861, 1-03; in 1862, 1*94 (but in this year 11 men were 
invalided for phthisis); and in 1863, 2; in 1875 no death was recorded. 
Venereal (enthetic) diseases fonnerly gave about 110 to 130 admissions per 
1000 of strength, but they are now greatly diminished. Ophthalmia prevails 
moderately ; to nothing like tlio same extent as at the Cape. 

In the earlier periods, owing to the absence of yellow fever, tlio mortality 
of the Mauritius contrasted favourably with that of Jamaica, but now it is 
greater. In 1876 the death-rate of the Mauritius was 6*81, that of the 
West Indies generally only 3*68. 


Per 1000 of Strength, 



I 

OSS of Strciiuth. 


Loss of Sen icc. 

Ykaos. 

Deaths (all 
Causes). 

Deaths from 
Disease. 

Invaliding. 

Admissions. 

Alcan Daily 
Sick. 

Days in 
Hospital to 
each Sick 
Alan. 

1817-36, . . 

1861-70 (10 ) 

30 0 

... 

... 

1249 

68 

20 , 

20-17 



1056-5 



years, . ) 

1865-74 (30) 
years, . j 
1876, , . . 

18-97 


44*15 

1419-4 

63 -58 

13-76 

14-4(5 ' 


50*60 

! 1322-9 

40-92 

11-26 


SECTION YII. 

CEYLON.* 

Garrison, 800 to 1000 white troops; and about 100 gun-lascars (black). 
Population, 2,400,000 (in 1871), including about 5000 ETiropcans. The 
stations for the white troops are chiefly Galle, Colombo, Kandy, find Triii- 
comalce, with a conval(iScent station at Newera Ellia (6200 feet above sca- 
level). The black troox)s are more scattered, at Padiilla, Ptiltan, Jail'iia, c'lx. 

Geology. — A considerable part of the island is composed of granite, gneiss, 
and liomblendo granite rocks ; these have l)ecome greatly 'weathered and 
decomposed, and form masses of a conglomerate called “ cabook,” which is 
clayey like the laterito of India, and is used for building. The soil is derived 
from the debris of the granite ; is said to absorb and retain water eagerly. In 
some parts, as at Kandy, there is crystalline limestone. 

Climate. — This diflers, of course, exceedingly at different elevations. At. 
Colombo, soa-levcl, the climate is warm, equable, and limited. Alean annual 
temperature about Sr. Mean temperature — ^April, 82‘*-70 ; January, 78'’-19 ; 
amplitude of the yearly fluctuation = 4® ’51. April and May arc the hottest 
months ; January and December the coldest. Amount of rain about 74 
inches ; the greatest amount falls in May with the S.W. monsoon (about 13 

. . , . t. T ‘ ' 

* For a full account, see Sir E. Tennant's Ceylon. 
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to 14 inches) ; and again in October and November with the N.E. monsoon 
(a])out 10 to 12 inches) in each month. Rain, however, falls in every month, 
the smallest amount being in February and March.\^ The heaviest yearly fall 
ever noted was 120 inches. The relative humidity is about 80 per cent, of 
saturation. The S.W. monsoon blows from May to September, and the N.E. 
monsoon during the remainder of the year, being unsteady and rather diverted 
from its course (long-shore wnd) in February and MarcL The mean hori- 
zontal movement during the year 1872 was 125 miles ; in 1870 it was 139 
miles, or rather under 6 miles an hour. 

At Kandy (72 miles from Colombo, 1676 feet above sea-level), the mean 
temperature is less, 3“ to 5° ; the air is still absolutely humid, though relatively 
rather dry. At 9*30 a.m. the mean annual dew-point is 70“ -4, and at 3*30 
p.M. it is 71°*54. This corresponds to 8*11 and 8*42 grains in a cubic foot 
of air ; as the mean temperature at these times is 76*37 and 79*27, the mean 
annual relative humidity of the air at 9*30 a.m. and 3*30 p.m. is 71 and 63 
per cent, of saturation. . The heat is oppressive, as Kandy lies in a hollow, as 
in the bottom of a cup. 

At jSTewora EUia (48 miles from Kandy, 6210 feet high) is a large table- 
land, where, since 1828, some Europeans have been stationed ; the climate is 
Euroj)ean, and at times wintry ; the thermometer has been as low as 29°, and 
white frosts may occur in the early morning in the coldest months. The 
mean annual temperature is about 59°.* 

In the dry season (January to May) the thermometer’s daily range is exces- 
sive; the thermometer may stand at 29° at daybreak, and at 8 a.m. reach 62° ; 
at mid-day it will mark 70° to 74°, and then fall to 50° at dark. In one day 
the range has been from 27° to 74° = 47°. The air is very dry, the dilierenco 
between the dry and wet bulbs being sometimes 15°. Assuming the dry 
bulb to mark 70°, this will give a relative humidity of only 38 per cent, of 
saturation ; the barometer stands at about 24*25 inches. Although the 
diurnal range of temperature is thus so great, it is equable from day to day. 

Such a climate, with its bright sun and rarefied air, an almost constant 
Ijreeze, and an immense evaporating force, seems to give us, at this period, the 
very beau ideal of a mountain climate. 

In the wet season (May or Juno to November) all these conditions are re- 
versed. The mean thermometer of 24 hours is about 59°, and the range is 
only from 56° at daybreak to 62° at midday ; during the height of the mon- 
soon, there are about 30 inches of rainfall, and sometimes as much as 70 ; the 
air is often almost saturated. The mean of three years (1870-72) gives no less 
than 94^ inches. 

Two more striking climatic differences than between January and June can 
hardly be conceived, yet it is said Newera EUia is equally healttiy in the wet 
as in the dry season ; the human frame seems to accommodate itself to these 
great vicissitudes without difficulty. The most unhealthy times arc at the 
changes of the monsoons. 

Although there is some moist and even marshy ground near the station, 
ague is not common, though it is seen ; the temperature is too low in the dry 
season, and the fall of rain too great in the wet T 3 q)hoid fever is seen, and 
may bo combined with periodic fever (Massy, in Anny Med. Reports,” voL 
viiL p, 499). It is said that dyspepsia, hepatic affections, and nervous affec- 
tions are much benefited ; phthisis is so to some extent, but, it would appear, 
scarcely so much as European experience would have led us to ex 2 )ect ; rheu- 

* I have taken many of these fewta from an excellent Report hy Assistant- Surgeon «. A. 
Allan, which I had the advantage of reading, as well as from Sir E. Tennant’s book. J ^ 
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matism does not do well, nor, it is said, chronic dysentery ; hut it would he 
very desirable to test this point, as well as that of the iiilliieiice on plithisis 
carefully. The so-called “hill diarrhoea” of India prevailed in 1865, though 
before this it was unknown. Dysentery has sometimes prevailed, and is 
caused in some cases by bad water (Massy). 

The soil of Nowora Ellia is chiefly decomposed gneiss ; it is described by ] )r 
Massy as being as hygroscopic as a sponge ; tlie contents of cesspools Oiisily 
traverse it, and the removal of excreta demands great care. 

The neighbouring Horton Hills are said to bo even better than Newera 
Ellia itself. Probably in the whole of Hindustan, a bettor sanitary station 
does not exist, it is inferior, if it bo inferior, only to the Neilgherries, apd 
one or two of the best Himalayan stations. 


SlcJmess and Mortalihj * of Europeans per 1 000 of Strength. 



Deatlis. 

Admissions. 

Mfiin Dally 
Sick. 

Duration of 
Sickness. 

1860-69 (10 years), . . 

23*75 

1424*9 

66-52 

16-6 days 

1869-74 (6 years), . . 

17-72 

1112*6 


... 

1875, 

13*56 

730*3 1 

46 -il 

21-57 „ 


Ivf uencG of Age mi Mortality, 



Umicr 20 
Years. 

20 and 
Under 25. 

25 and 
Under 30. 

30 jind 
Under 35. 

35 and 
Under 40. 

40 and 
Dver. 

1 

.1864-73, . . . 

5*79 

15*89 

28*81 

26*50 

50*25. 

173*91 


Among the blacik troops, now reduced to about 100 altogether, in Ceylon 
(1860-69^) the admissions averaged 1011, and the deaths 15*17, per 1000 &f 
strength. In 1870 the total mortality was 9*44 per 1000. The chief causes 
of admissions were paroxysmal fevers, and of dciatlis, cholera, dysentery, and 
paroxysmal fevers. “Continued fever” also figures among the returns, Imt 
was less common in the later years. The average nund)er constantly sick 
was about 32, and the duration of the cases 10 or 11 days. 

In Ceylon, therefore, the black troox)S were healtliier than the white, con- 
trasting in this remarkably with the West Indies. 

In conclusion, it may be said that much sanitary work still remains to bo 
done in Ceylon before the state of the white troops can be considered satis- 
factory. 

SECTION VIIL 
INDIA. 

About 60,000 Europeans are now (1877) quartered in India, and tlujre is 
in addition a large native army. In this place the Europeans will be chiefly 
referred to, as it would require a large work to consider properly the health 
of the native troops, t 

The 60,000 Europeans are thus distributed : — About 38,000 are serving 
in the Bengal Presidency, which includes Bengal proper, the North-West 
l^rovinoes, the Punjab, and the Trans-Indus stations. About 11,500 are 

* In 1876 the denth-rate was only 7*43. 

t The general principles of hygiene are of course to he applied in the case of the natives of 
Hindustan, and so far there is nothing unusual. In the chapter on Food I have purposely in- 
cluded the chief articles of diet ; the question of water and air is the» same for all nation^, and 
other hygienic rules of dothing or exercise can be easily applied to them. But their health is 
much iDfluence<l by their customs, which are in many races peculiar. The only prowbr way of 
treatng such a subject would be by a work on the hygiene of India generally, including the 
nati^ army as a branch of the community. 
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serving in the Madras Presidency, which also garrisons some parts of the coast 
of Burmah, and sends detachments of native troops to the Straits of Malacca. 
About 10,500 are serving in the Bombay Presidency.* The troops consist 
of all arms. 

Tliese men are serving in a country which includes nearly 28° of lat. and 
33° of long., and in which the British possessions amount to 1,465,322 
square miles. Stretching from within 8° of the equator to; 13° beyond the 
lino of the tropics, and embracing countries of every elevation, the climate of 
Hindustan presents almost every variety ; and the troops serving in it, and 
moving from place to place, are in turn exposed to remarkable differences of 
tempciraturo, degrees of atmospheric humidity, pressure of air, and kind ’and 
force of wind, &c. 

AVatered by great rivers which have brought down from the high lands 
vast deposits in the course of ages, a considerable portion of the surface of 
the extensive x>lains is formed by alluvial deposit, which, under the heat of 
the sun, renders vast districts more or less malarious ; and there are certain 
parts of the country where the development of malaria is probably as intense 
as in any i^art of the world. A population, in some places thickly clustered, 
in others greatly scattered, formed of many races and speaking many tongues, 
and with remarkably diverse customs, inhabits the country, and indirectly 
affects very greatly the health of the Europeans. 

Cantoned over this country, the soldiers are also subjected to the special 
inliuenccs of their barrack life, and to the peculiar habits which tropical 
service produces. 

AVe can divide the causes which act on the European force into four 
subsections — 

1. The country and climate. 

•2. The diseases of the natives. 

3. The special hygienic conditions under which the soldier is placed. 

4. The service, and the individual habits of the soldier. 

Sub-Section I. — The Country and Climate. 

The geological structure and the meteorological conditions are, of course, 
extremely various, and it is impossible to do more than glance at a few of the 
chief points. 

1. SoiLf — There is almost every variety of geological structure. In the 
north-west, the vast chain of the Himalayas is composed of high peaks of 
granite and gneiss ; while lower down is gneiss and slate, and then sandstone 
and diluvial detritus. Stretching from Cape' Comorin almost to Guzerat, 
come the groat AVestern Ghauts, foimed chiefly of granite, with volcanic 
rocks around; and then stretching from these, come the Vindhya and 
Satpoora Mountains, which are chiefly volcanic, and inclose the two great 
basins of the Taptee and Nerbudda rivers. Joining on to the Vindhya, come 
the Aravalli HiUs, stretching towards Delhi, and haA/^ing at their highest point 
Mount Aboo, which is probably destined to become the great health resort of 
that part of India. 

On the east side, the lower chain of the Eastern Ghauts slopes into the 
table-land of the Deccan ; and at the junction of the Eastern and AVestem 
Ghauts come the Neilgherry Hills, from 8000 to 9000 feet above sea-level, 

JPor brevity, it is customary to speak of serving in Bengal, Bombay, or Madras, when 
spelling of the Presidency, so that these names are sometimes applied to the cities, sometimes 
to the presidencies ; but a little care will always distinguish which is meant. 

f See tJirterls Summary of the . Greology of India, in the Journal of the Bombay Asiatic 
Society's TrausactiOhs, 18^. • f 
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and formed of granite, syenite, hornWende, and gneiss. But to enumerate all 
the Indian mountains would be impossible. * 

Speaking in very general terms, the soil of many of the plains may be 
classed under four great headings. 

(a) Alluvial soil, brought down by the great rivers Ganges, Indus, 
Brahmapootra, rivers of Norbiidda, Guzerat, &c. It is supposed that about 
one-third of all Hindustan is composed of this alluvium, which is chiefly 
siliceous, with some alumina and iron. At points it is very stiff with clay — 
as in some parts of the Punjab, in Scinde, and in some portion of Lower 
Bengal. Underneath the alluviiil soil lies, in many places, the so-called 
clayey laterite. Many of the stations in Bengal are placed on alluvial soil. 

This alluvial soil, especially when, nob far from the surface, clayey lati^rite 
is found, is often malarious ; sometimes it is ipoist only a foot or two fi*Din 
the surface ; and, if not covered by vegetation, is extremely hot. 

As a rule, troops should not bo located on it. Whatever be done to the 
spot itself — and much good may be done by efficient draining — the influences 
of the surrounding country cannot he obviated. Europeans can never be 
entirely free from the influences of malaria. There is but one perfect remedy ; 
to lessen the force in the plains to the smallest number consistent with 
military conditions, and to place the rest of the men on the higlier lands. 

Somewhat different from the alluvial is the soil of certain districts, such as 
the vast Bunn of Cutch, which have been the beds of inltind seas, and now 
form immense level marshy tracks, which are extremely malarious. The 
Bunn of Cutch contains 7000 square miles of such country. 

(h) The so-called “ regiir,” or “ cotton soil,” formed by disintegrated basalt 
and trap, stretches down from Bundelcund nearly to tlio south of the 
peninsula, and spreads over the table-land of Mysore, and is common in tlio 
Deccan. It is^ often, but not always, dark in colour. It contains litfifo 
vegetable organic matter (1-5 to 2*5 per cent.), and is chiefly made up of sand 
(70 to 80 per cent.), carbonate of lime (10 to 20 per cent.), and a little 
alumina. It is very absorbent of water, and is genemlly thought unhealthy. 
It is not so malarious as the alluvium, hut attacks of cholera have been 
supposed to be particularly frequent over this soil. 

(c) Bed soil from disintegration of granite. This is sometimes loamy, at 
other times clayey, especially where felspar is ahnndjint. The clay is often 
very stiff. 

(d) Calcareous and other soils scattered over the surface, or lying beneath 
the alluvium or cotton soil. There are, in many parts of India, large masses 
of calcareous] (carbonate of lime) conglomerate, which is called kunlvur. It 
is much used in Bengal for footpatlis and pavements. 

In Bohar, and some other places, the soil contains large quantities of nitre, 
and many of the sand plains are largely impregnated with salts. 

2. Temperaiure , — There is an immense variety of temperature. Towards 
the south, and on the sea-coast, the climate is often equable and uniform. 
The amplitudes of the annual and diurnal fluctuations are small, and in some 
I)laces, especially those wliich lie somewhat out of the force of the south-west 
monsoon, the climate is perhaps the most equable in the world. 

At some stations on the southern coast, the temperature of the sun*s zenith 
is lower than at the declination, in consequence of the occurrence of clouds 
and rain, brought up by the south-west monsoon. 

In the interior, on the plateaux of low elevation, the temperature is greater, 
and the yearly and diurnal fluctuations are more marked. On the hill stations 
(6000 to 8000 feet above sea-level), the mean temperature is much less j the 
flucl^l^tions are sometimes great, sometimes inconsiderable. 
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Tlie influenco of winds is very great on the temperature j the sea-winds 
lowering it, liot land wjnds raising it greatly. 

The temperature in the suu*s rays ranges as high as 166® or 170®, hut the 
mean sun rays* temperature is, with great differences in different places, 
between 130® and 160° at tlie hottest time of the year. 

The air temperature of a few of the principal stations is subjoined, merely 
to give an idea of the amount of heat in different parts of the country.* 
Those of the hill stations are given under the proper headings. 

Mean Temperaiure and Height^ above Sea-level, of 6om& of the larger 

SUvtlons. 


Months. 


Calcutta. Fort- William, 

8 feet above sea-levcL 

Pmijaiib, generally 800 
to 900ft, above sea-level. 

•*- a/ 

o -r 

b'i 

ll 

£ 

oT 

r 

“3 

11 

99 

Bangalore, 3000 feet 
above aea-lcvel, 1 yr. only. 

Bombay, at sca-lcvel. 

Poonnh, 1809 feet 
above fica-lcrel. 

— 

Belgnnm, 2260 feet 
above sea-level. 

Mean of year, 


82 

73 

74 

82 

76 

80 

78 

74 

January, 


70 

54 

52 

76 

69 

74 

72 

72 

February, 


75 

GO 

5o 

78 

73 

76 

75 

75 

l^faroli, 


83 

G8 

65 

80 

79 

80 

79 

78 

April, . 


88 

77 

75 

84 

79 

83 

83 

81 

May, . 


89 

86 

88 

87 

82 

86 

85 

78 

June, , 


87 

89 

91 

88 

77 

83 

81 

75 

July, . 


85 

87 

91 

85 

77 

81 

77 

73 

> August, 


85 

86 

88 

85 

75 

81 

76 

72 

September, . 


85 

S3 

84 

84 

76 

80 

77 

74 

October, • . 


84 

76 

73 

82 

75 

82 

79 

74 

Noveiiiljer, . 


78 

61 

64 

79 

73 

79 

76 

72 

December, . 

Ain]»litiide of yearly fluctuation ) 

72 

55 

56 

76 

71 

76 

73 

70 

(dlffiirencc between hottest. [• 
and coldest months), . . . > 

19 

3o 

39 

12 

13 

12 

13 

11 


The increase and the amplitude of the yearly fluctuation is thus seen as wc 
pass to the north, and ascend above sea-leveL 

111 several places there are great undulations of temperature from hot land 
winds, or from sea or shore breezes, or from mountain currents, which give 
to the place local peculiarities of temperature. 

To get the same moan annual temperature as in England, it would ho 
necessary that 9500 feet ho ascended in places south of lat. 20° ; between lat. 
20° and 26°, 9000 feet ; between hit 26° and 30°, 8700 feet ; and north of 
lat. 30°, 8500. 

The moan monthly temperatures would, however, at such elevations, differ 
somewhat from those of England. Speaking gen{*rally, an elevation of 5000 
to 6000 feet will give over the whole of India a mean annual temperature 
about 10° higlier tlian that of England, and with a rather smaller miige. 

Mr Glaisher has calculated that in the cold months the decrease of tempera- 
ture is 1®*05 for each 300 feet of ascent, hut increases from March to August 


\* Tliese are taken from Mr Glaisher’s very excellent repoi-t in the Indian Sanitary Commis- 
sion, which must l>e consulted for fuller details. Very full meteorological returns are doav 
heiiig given in the Iloports of the SaTiitary Commissioners for the three presidencies, and in a 
few years these will supersede Mr Glaisher*s tables. ^ ^ 
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to 4® *5, and tlien gradually declines. These results are not accordant with 
the recent balloon ascents in this climate. « 

Humidity , — The humidity of different parts of India varies extremely ; 
there are climates of extreme humidity — either flat, hot plains, like Lower 
Scinde, where, without rain, the hot air is frequently almost saturated, and 
may contain 10 or 11 grains of vapour in a cubic foot ; or mountain raiigi.^s 
like DodJ^tta, in Jdadras, 8640 feet above sea-level, where, during the rainy 
season, the air is. a&o almost saturated ; a co]noiLs rain, at certain times of the 
year, may make the air excessively moist, as on tlio ^Malabar coast, tlie coast 
of Tenasserim, or on the Khasyah Hills, whore the south-west inousoon parts 
with its vapours in enormous quantities. 

On the other hand, on the elevated table-land of the interior, and on the 
hot plains of North-West India, during the dry season, or in the places ex- 
posed to the land winds at any part, the air is excessively dry. Jn the 
Deccan the annual average of the relative humidity is only 56 per cent, of 
saturation (Sykes). Mr Glaishor has given the humidity of many places. I 
extract a few stations : — 


Mean numidity pet* cent. 



1 

Fort William, j 

of O 

:s a 
.gCJ 

£ 

Bombay. 

Benares. | 

. 

U 

>5 

Peshawur. 


1 

u 

1 

o 

1 

1 

V 

2 

o 

3 

Ui 

B 

s 

1 

» 

Mean Maximum, . 

81 

79 

85 

94 

84 

73 

76 

84 

79 

80 1 

84 

„ Miniumiu, . 

59 

61 

67 

44 

54 

41 

40 

40 

42 

48 

43 

Yearly Mean, 

68 

72 

73 

69 

67 

55 

56 

54 

53 

62 

64 


The mean relative humidity at Greenwich is 82, varying from 89 in 
December and January to 76 in July. Calcutta, therefore, with a mean yearly 
humidity of 68 per cent, of saturation, is, as far as relative humidity (/.c., 
evaporating power) goes, less moist than England, and tlie evaporating power 
is also increased by the higher temperature. 

Rain , — The amount of rain and the period of fall vary exceedingly in the 
different places. It is chiefly rcjgulated by the monsoons. 

When 'the south-west monsoon, loaded wdth vapour, firnt strikes on high 
land, as on the Western Ghauts, on the Malabar coast, or on the mountains 
of Tenasserim, and especially on the mountains of the Khasyah Hills, at some 
points of which it meets >vith a still colder air, a deduge*- of rain falls ; as, for 
example, at Camianore (IMalabar), 121 inches \ Mahabli^shwur, 253 inches ; 
Moulmein (Tenasserim), 180 inches \ Cherrapoonjee (Khasyah Hills), 600 
inches. On the other hand, even in places near the sea, if there is no high 
land, and the temperature is high, scarcely any rain falls ; as in Aden, on the 
south coast of Arabia, or at Kota, in Scinde, where the amount is only 1 *8 
annually, or Kurrachee, where the yearly average is only 4*6 inches. Or in 
inland districts, the south-west monsoon, having lost most of its water as it 
2 )assed over the hills, may be comparatively dry, as at Nusserabad, where only 
15 *8 inches fall per annum, or Peshawur, where there are 137 inches 
annually. 

Tfie yearly amount of rain in some of the principal stations is — 
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Calcutta, . 

Average. 1 

. 56-8 1 

Madras Presidency — 

Average. 

Madras, 

. 50 

Bellary, 

. 21-7 

Bombay, 

. 72-7 

Bangalore, 

. 35 

Bengal Presidency — 


Trinchinopoly, . 

. 30-6 

Dinapore, . 

. 31-1 

Secunderabad, . 

34-6 

BerhamjDore, 

. 40-8 


• 

Benares, 

. 37*4 

k 


GliJizeeporo, 

. 41-4 

Bombay Presidency — 


Azimghur, 

. 40 

Bclgaum, . 

61-5 

Agra, 

. 27-9 

Poonah, 

. 27-6 

Delhi, 

. 251 

Keemuch, . 

. 341 

Meerut, 

. 18 

Kamptee, . ^ . 

. 21\S 

Punjab, 

. 5C'6 



Wlndfi, — Tho general winds of India arc the nortli-east monsoon, wliicli is, 
ill fact, th(i great north-east trade wind, and the south-west mf)nsooTi, a wind 
(paused by the aspiration of tho hot earth of the continent of Asia, wlien the 
sun is at its northern declination. During part of tho year (May to August) 
the south-west monsoon forces back the trade-wind or throws it up, for at 
ginat altitudes the north-east monsoon blows through the whole year, and 
the south west monsoon is below it. Eut, in addition, there are an immense 
number of local winds, which are caused by the effect of hills on the 
monsoons, or are cold currents from hills, or sea breezes, or shore \vinds 
caused by the contact of. sea breezes and other winds, or by the fii*st feeble 
action of the south-west monsoon before it has completely driven back the 
north-east trade. Tho south-west monsoon is in most of its course loaded 
^ wdth vapour ; the north-east is, on the contrary, a colder and drier wind, 
except when at certain times of the year, in passing over tlie Indian Ocean, it 
takes up some water, and reaches the Coromandel Coast and Ceylon as a 
moist and rain-carrying wind. 

The hot land winds are caused by both tho south-west monsoon, after it 
has parted with its moisture and got warmed by the hot central plains, and 
tho north-east monsoon ; tho temperature is very great, and the relative 
humidity very small, tlio dilTerenco between the diy and the wet bulb being 
sometimes 15® to 25® Eahr. 

Preamre of the A ir, — On this point little need be said. Tlio barometer is 
very steady at most sea-coast stations, with regular diurnal oscillations, chiefly 
caused by alteration in humidity. An elevation of 5000 feet low^ers the 
l^arometer to nearly 25 inches. 

Electricity, — On this point few, if any, experiments have been made; the 
air is extr(*moly charged with electricity, especially in tho dry season, and the 
dusts tonus are att(3nded with marked disturbance of tho electrometer.* 

E:jfe-cU of Climate, — Tlio estimation of the effects of such various climates 
is a bxsk of great difficulty. Long-continued high temperature, alternations 
of great atmospheric dryness and moisture, rapidly moving and perhaps dry 
and hot air, are common conditions at many stations ; at others, great heat 
during part of tho year is followed by weather so cold that even in England 
it would be thought keen. When to these influences tho development of 
malaria is added, enough has been said to show that, a prio7% we can feel 
certain that the natives of temperate climates will not support such a climate 
without influence on health, and the selection of healthy spots for troojfs is a 

* See Badileley’s Whirlwinds and Dust Storms of India (1860), for a very good account 
of these singular storms, • • f 
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matter of the greatest moment as affects l)otli health and comfort. Tins 
much being said, it must at tlie same time be asserted that, malaria excepted, 
the influences of climate are not the chief causes of sickness. 

The location of troops should bo governed by two or three conditions — 1. 
Military necessities; 2. Convenience; 3. Conditions of health. The second 
of these conditions is, however, a mere question of administration ; every 
place, can be made convenient in these days of railway and easy locomotion. 
Military necessity and health are the only real consiilerations which should 
guide our choice. The vital military points must bo held with the necessary 
forces, and then the 'whole of tlie remaining trooj)s can bo located on the most 
healthy spots. 

These 8i)ots cannot be in the plains. Let anyone look at a geological map 
of India, and see the vast tract of alluvial soil which stretches from the loose 
soil of Calcutta, formed by the deposit of a tidal estuary, up past Cawnpore, 
Delhi, to the Viist i)lains of the Punjab, Scinde, and Ileloochistan. The 
whole of that space is more or less malarious, and will continue to bo so until, 
in the course of centuries, it is brought into complete tillage, drained, and 
cultivated. Moreover, heat alone "without malaria tells upon the Euro})eaii 
frame, lessens the amount of respiration and circulation, and lowers digestive 
power (see Cumatk, pag(j 433). 

In looking for healthy spots, where temperature is less tropical, and 
malarioiLs exhalations loss abundant, there are only two classes of localities 
which can he chosen — seaside })laces and highlands. 

Seruside Places , — The advantages of a locality of this kind are, the reduc- 
tion in temperature caused by the expanse of water, the absence of excessive 
diyncjss of the air, and the frequent occurrence of breezes from the sea. All 
these advantages may be counteracted by the other features of the place ; by 
a damp alluvial soil, bad water, &c. < 

It does not appear that many eligible places have yet been found, and as 
a substitute in Jlengal, the Europeans from Calcutta sometimes live on hoard 
a steamer anchored off the sandlieads, thus literally carrying out a suggestion 
of Lind in the West Indies a century ago. 

In the Bay of Bengal, Waltair, in the northern division of Madras, is one 
of the best.* Cape Calimere (28 miles south of Nagaj)'iitam) also apj)ears to 
Jiave many advantages (Macj)herson). On tho opposite coast, Cape Negrais 
on the Burmese coast, was pointed out as long ago as 1825, by 8ir Itanald 
JMartin, as a good marine sanitarium, and Amherst in Tenasserim, and some 
of the islands down the coast towards Mergui, are beautiful spots for such a 
purpose, being, however, unfortunately, at a great distance from the large 
military stations, and not being well supplied witli food. 

On the Bombay si«lo, at Sedashagur or Beitkul Bay, between Mangalore 
aiid Goa, a spur of the Western Ghauts projects into the sea for upwards of 
a mile, and forms an admirable sea-coast sanitarium (Maepberson). 

All these sea-coast stations seem adapted for organic visceral affections and 
dysentery, but they arc not so well calculated for permanent stations for 
healthy men. Probably they are rather sanitaria than stations. 

J//^jhhm(Is,— The location of troops on the hills or on elevated tabic-lands 
has long been considered by the best army medical officers as the most 
important sanitary measure w’hich can be adopted, Not only does such a 
location improve greatly the vigour of tho men, who on the hill stations 
prcserve the healthy, ruddy hue of tho European, but it prevents many 
diseases. If ju’operly selected, the vast class of malarious diseases disappeain ; 

Evidence of Dr Maclean in India Report^ p. 139 . 
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livoT diseases are less common, and "bowel complaints, in some stations at 
any rate, are neither so frequent nor so violent. Digestion and "blood nutri- 
tion are greatly improved. Moreover, a proper degree of exercise can bo 
taken, and the best personal hygienic rules easily observed. 

Indian surgeons appear, however, to think the hill stations not adapted for 
cardiac and respiratory complaints; it is possible that this objection is 
theoretical. The latest European experience is to the effect that phthisis is 
singularly benefited by even moderate, still more perhaps by great elevation ; 
that anaemia and faulty blood nutrition are cured by high positions with great 
rapidity, and that if the elevation be not too great (perhaps not over 3000 
feet) even chronic heart diseases are improved. In some of the hill stations 
of India bowel c()mplaints were formerly so frequent as to give rise to the 
term hill diarrha^a.” The elevation was credited with an effect which it 
never produced, for, not to speak of other parts of the world, there are stations 
in India itself (Darjeeling, for example) as high as any other, w^here the so- 
called hill diarrhoea was unknown. At Newera Ellia, in Ceylon, too, if the 
simple condition of mountain elevation could have i)roduccd diarrhcea, it 
would have been present. The cause of the lull diarrhcea w'as certainly, in 
many stations, unwholesome drinking-water (see page 40) ; whether this was 
tlie case in all, I am not sure. Some of the hill stations are said not to bo 
adapted for rheumatic cases ; in other instances (as at Subathoo) rheumatism 
is much benefited. I infer, from reading the reports from these stations, 
tliat damp barracks, and not the station, have been in some cases tlie cause 
of the rheumatism. 

But it must ho noticed that the evidence given before the Indian Sanitary 
Commission shows, on all or almost aU hill stations, a most lamentable want 
of the commonest sanitary appliiinces. At great expense men are sent up to 
the hills, where everything is, or was, left undone which could make tliat 
expense profitable. It appeared to he thought sufhoient to ascend 6000 feet 
to abandon all the most obvious sanitary rules, without which no place can 
be healthy. 

Admitting, as a point now amply proved, that stations of elevation are the 
proper localities for all troops not detained in the plains by imperative 
military reasons, the following questions are still not completely answered : — 

1. What amount of elevation is the host? Wo have seen that to reduce 
the temperature to the English mean, 5000 to 6000 feet must on an average 
be ascended. But then such an elevation brings with it certain inconveni- 
ences, viz., in some stations much rain and even fog at certain times of the 
year, and cold winds. However unpleasant this may he, it yet seems clear, 
from the experience of ISTewera Ellia, in Ceylon, that damp and cold are not 
hurtful. But it must also be said that, with a proper selection, dry localities 
can he found at this elevation. 

From 3000 to 4000 feet have been recommended, especially to avoid the 
conditions just mentioned. Whether places of this height are equal in 
salubrity to the colder and higher points is uncertain. 

Even at 6000 feet there may be marsh land, though it is not very malarious. 
Malarious fever has been known during the rains at Kiissowlie (6400 feet), 
and Subathoo (4000), and other Himalayan stations. Malaria may, however, 
drift up valleys to a great height,* but, apart from this, it seems likely that 
5000 feet, and probably 4000, will perfectly secure from malaria. Probably, 
indeed, a less height will ho found effectual. 


* It haB drifted up even to the summits of the Neilgherries, 7000 or 8000 feet.— 
Sanitary Report^ Mr Elliot’s JEvidonce, vol. i. p. 250. • • • 
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At no point do hot land winds occur, or at any i*ato endure^ at above 4000 
feet. ' 

On the whole, it would appear probable that the best localities are above 
5000 feet, but below 7000. 

2. Wliat stations are the best— the tops of solitary hiUs, spurs of high 
mountains, or elevated table-lands ? 

Kanald Martin has called especial attention to the solitary hills, rising as 
they do sometimes from an almost level plain to 2000 and 3000 feet. Such 
mountain islands seem especially adapted for troo])s if there is sufficient 
space at the top. They are free from ravines conduciting cold air from higher 
land, and are ofttmless rainy than the spurs of loftier hills. 

The spurs of the Himalayas, however, present many eligible spots, and so 
do some table lands. And, perhaps, on the whohi, if the elevation is sufficient, 
it is not a matter of much importance which of these formations is chosen ; 
otlier circumstances, viz., purity of water, space, ease of access, and supplies, 
&e., will generally decide. 

lu choosing hill stations, the points discussed in the chapter on Soils 
sliould be carefully considercjd, and it is always desirable to have a trial for 
a year or two before the station is permanently fixed. 

In all the presidencies of India elevated spots wliere troops can he cantoned 
exist in abundance.* The following table, copied from Dr Maepherson's 
work, gives some of tbe principal hill stations. Fresh stations arc, however, 
being constantly discovered, and it seems now certaiii that there is scarcely 
any important strate^gical point without an elevated site near it. 

Hear jS'ynee Tal, in Kumaon, are Almorah (5500 feet), and Hawalhagh 
(4000 feet), both well spoken of. Kuiiawar (5000 or 6000 feet), in the 
valley of the Sutlej, has a delicious climate; and Chini (about 100 miles from 
Simla), is a most desirahle spot, 

l\assing down from tlie north-west towards Calcutta, Dr M/Clell}iu found 
elevated land within 100 miles of Allahabad; and in the south there aru 
the Travancore mountains, with numerous good sites. 

If, then, the mass of the troops are cantoned on elcvat(Hl placcvS, the dis- 
advantages of climate are almost removed. The Indian >Saiiitary Commis- 
sioners recommended that one-third of the force shall he in th(j hills, and 
that enfeebled men and recruits especially shall be sent there. Eut it is to 
be hoped that not only one-third, but a large majority of the troo 2 )S will 
eventually be placed there. 

Sun-SECTiox II. — ^Diseases op the Natives. 

It is impossible that Euroi)eans can bo perfectly isolated from the nations 
among whom they serve ; they have suflered from the pestilential diseases of 
the Hindus, but still it is wonderful that they have not sullered more. 
Cholera is the chief disease, whicli, arising in the native population, scourges 
their conquerors. Some fevers also, ifelapsing fever, perhaps a “fobris 
icterodes,” or bilious remittent, which has attacked Europeans, have liad their 

* See the evidence in the Indian Sanitary Report (vol. i.) of Sir R. Martin, Mr Elliott, Dr 
Maclean, Dr Alexander Grant, Mr Montgomery Martin, and otliei*s. Also most instructive re- 
jKirts by Mr Maepherson, Indian Report, vol. ii. p. 622, and by Dr Alexander Grant, Indian 
Annals. On the location of troops I may also refer to Surgeon-General Dr Beatsoirs very 
decided opinion on the necessity of x)laciDg on the hills all tlie men who can be spared from 
the military posts in the plains. No more valuable opinion could be given on such a iioint 
than that of an officer who has had the largest possible experience, and tbe best opportunities 
of forming a correct judgment. (See his Report in the Army Mud. Report, vol. viii. p. 347.) 
Sir William Muir has also uiged this point, and the result is that gradually more and more 
truops ore J^ein^ located on the hills. « 
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FOREIGN SERVICE. 


origin, or at any rate their conditions of spread, in the <Jense pDpulations of 
native cities. Happily, the Black Death (the Maha murrce, or Pali plague) 
has never yet spread to the troops, and has indeed been confined within 
narrow limits. Still these pestilences among the native population are an ever- 
present menace to Europeans, and, as in the case of cholera, may pass to them 
at any time. Cholera, certainly, will never be extirpated until attacked in 
its strongholds, among the miserable dwellings which make so large a part of 
every oriental city. In 18G7 there were some cases among the troops of the 
contagious fever, Avhich has caused so much mortality in many of the Bengal 
jails. The exact inJluenco on Europeans of the customs and modes of life of 
the natives of India has not, as far fis I know, been made an object of special 
study, but it cannot bo inconsiderable. In many places the Europeans and 
the natives are in close neighbourhood, and the air at all times, and often the 
water, must be influenced by the social life of the native races. The 
l)roximity to largo cities or bazaars is indeed often alluded to by army officers 
as influencing the health of their men ; it would bo very interesting to know 
the precise effect. Tlie sanitary condition of almost all the large native towns, 
and the sanitary habits of the country people, are as bad as can be. Bad 
water, f<etid air, want of sewage removal, and personal habits of uncleanliness, 
abound everywhere. The Report of the Indian Sanitary Commission, and 
the activity of the Indian officials in the Sanitary Departments, are now be- 
ginning a series of changes in this respect, which will probably change, in 
ioto, the medical history of India. 

Sub-Section III. — Special Hygienic Conditions. 

The special hygienic conditions (apart from locality) under which the 
soldier serves in India have been the main causes of excess of disease. This 
subject has received a searching inquiry from the Sanitary Commissioners.* 
They declare, and after reading the Station Reports and the evideiice given 
before them, no one will doubt the assertion, that while malaria, extremes of 
temperature, moisture, and variability of temperature cause a certain amount 
of sickness, there are other causes of a very active kind, connected with 
stations, barracks, hospitals, and the habits of the men, of the same nature os 
those which are known in colder climates to occasion attacks of those very 
diseases from which the Indian army suffer so severely." 

And the Commissioners enumerate a list of causes connected -with unhealthy 
stations, bad barracks, ovei’crowding, impure air and water, bad drainage, im- 
perfect ablution, inferior rations and cooking, &c. 

In fact no doubt can exist in the minds of all who have studied the sul)- 
ject that these form the most potent class of causes which affect healtli. 

Sub-Section IV. — Habits and Customs op the Troops. 

. The habits of the men and the customs of service were, however, also great 
causes of diseases, and are still so to some oxtjnfc. 

The men were, as a rule, intemperate, great smokers, and indisposed for 
exertion. It has, indeed, been pointed out with truth, that in proportion to 
their amount of exorcise the men were much overfed, and some diseases of 
the liver appear to result directly from this simple condition. 

The want of exercise is not always the fault of the men. The early morn- 
ing hours, and often the evening, are occupied with parades ; in the period 

f Reportof Pie Commissioners on tlie Sanitary State of the Army in India, 1863. Report, 
p. 79, pubfishei in 1864 iu small bulk. 
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between, the men u^d to bo confined to barracks, and are still sometimes so. 
Here, listless, unoccupied, and devoured with ennui, they p^sed the weary 
day, lying down perliaps for hours daily, or lounging on chairs smoking. 

This forced confinement to barracks is indeed an evil often greater than 
that it is intended to remove. To prevent men from passing out into the sun 
they are compelled to remain in a hot, often ill-ventilated room, worse for 
health than the intensest rays of the sun,* that scape-goat of almost every 
fault and vice of Indian life. 

All those causes have been summed up by Miss Nightingale ill some of 
those telling sentences which have done more than anything else to force 
attention to these vital questions.! 

Of late years a great change has taken place in the habits of the men, — 
more open air exercises of all kinds ; and in the cooler stations athletic si3orts 
and cricket have been encouraged ; in some of the hill stations the troox)s have 
l)cen employed in making roads and public works, and the practice of trades 
has been promoted. Were the troops chiefly on the hills, as much exercise 
as at homo would be possible, and the men would preserve their European 
vigour and appearance. But even in the plains exercise is necessary, and if 
it be taken at proper times (/.c., with avoidance of the three or four hottest 
hours), and with proper precfiutioiLS, such as keeping the head and spine well 
covered and cool, putting on after profuse sweating dry and thin mixed 
cotton and woollen underclothes, and protecting the loins and abdomen with 
a silk or llannel sash, and avoiding stimuhiuts before and during the exercise, 
all men would be benefited even by very great exercise. 

The pale, feeble appearance of persons who keep much in the darkened 
houses is really owing more to the absence of liglit and to the unhealthy and 
o sedentary life than to the effect of the climate. 

The subject of clothing has been already referred to. In Algeria, as in 
India, much good has been ascribed to the use of very lai’go flannel belts, 
which tlie French suspend from the shoulders, a plan better adapted for com- 
fort than the so-called cliolera belts of India. 

AVith regard especially to diet, two points must be considered : — 


♦ I shall never forget tlie sufferings of the men in the old baiTacks at Madras. We arrived 
there from Moulniein, 'vvhero the men had never been confined to barracks, and where, duryig 
two hot seasons, no injury had resulted from allowing them to go out when they likecl. On 
arrival at Madras, in accordance Avith invariable custom, the men were confined to barracks. 
Tlicy lay all day on their beds, reeking Avith perspiration ; the place was so small and ventila- 
tion so bad, that the heat was perfectly intolerable in the bairacks, though the sun’s rays Avere 
quite bearable. The sufferings were extreme. When the afternoon came, more injurj' had 
been done by the hot and impure air than exposure to the sun’s rays couhl have caused. 

At Moulniein, in Tenasseriiii, at one time, two European regiments served together. Tlio 
barracks of each Avere perfectly liealthy ; the food and duties were the same ; yet one showed 
a sick list and mortality always much greater than the other. Serving in the station shortly 
afterwai’ds, I Avas so struck by this difference that I wont over all tlie returns and reports in the 
staff-surgeon’s office to make out the cause ; the only difference I could detect was, that in the 
sickly regiment the men were confined to barracks, in the other they wore alloAved to go about 
as they pleased. Many years aftenvards, I met with a medical officer Avho Imd -served in the 
sickly regiment, and learned from him that he had always considered the conlinemcnt to bar- 
racks, and the want of exercise, and the impure air breathed by that system almost night and 
day, to have been the cause of a disparity so striking. No one would recommend imprudent 
exposure to the sun ; men may be trusted to avoid its intensest rays ; but to reduce men to 
enforced idleness for many hours, and to confine them in the small space of a barrack-room is 
not the way of meeting the evil. (On this point see also page 664 for Dr Clark’s observations 
on Avaiit of exercise as compared with Exposure to the sun on the West Coast of Afnca.) On 
this point, as in many others, the statements of Dr Kenneth Mackinnon are deserving of great 
attention, llis remarks on the desirability of exercise, even in the trying climate of Tirhoot in 
Bengal, are very striking. (A Treatise on Public Health, by Kenneth Mackinnon, M.D., 
Cawnpore, 1848, pp. 27 and 145.) Ho strongly recommended open sheds and gymnasia, and 
these are now being adopted. .n., 

f Hoav People may Live and not Die in India. By Florenco Nightingale, 18(>3. ^ 
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1. 'Wliat amount ot food should he taken 1 In India, as in all imrts of 
the %vorld, food should be taken in proportion to the mechanical work done 
by the body, and to the equivalent of mechanical force, viz., animal heat. 

High temperature, as lessening the loss of tlie body heat, must, p’o ^an/o, 
lessen the need of food to supply the temperatiu'e ; and it has been supposed 
that the diet of men in cold countries (Arctic regions) and in hot, contrasted 
remarkably in respect of the amount of carboniferous food taken by each. 
But although it is certain that large quantities of meat and fat are taken by 
men living in or arriving in cold countries, it is now known that the natives 
of some of the liottost parts of the world take immense quantities of both fats 
and starches. In fact, both these substances perhaps, certainly fats, tire taken 
to supply mechanical force directly, as well as animal heat. It is not, in fact, 
yet known what amount of lessening of food, or what kind of lessening, the 
increased heat of tlie tropics demands, or whether any is demanded, for exact 
experiments are wanting. Our best guide at present for tlic qinintity of food 
to he taken in the tropics, is to apportion it to the amount of mechanical 
work done, as in temperate climatea In India, as elsewhere, it must be in 
balance with exercise. The points then to he considered are the amounts of 
daily food and of daily exercise, and by means of the tables formerly given, 
and by knowing the habits of the men, little difficulty will he found in deter- 
mining the proper ration quantity of food with accuracy. 

In considering the amount of food it must be remembered that the soldier 
almost always buys additional food, and often eats much more than his ration. 
Some years ago Dr Macnamara found the troops in Bengal taking no less than 
76 ounces of food, (/.c., water-containing food), while the regulation ration was 
only 52 ounces, so that these men were largely over-feeding. And Dr 
JJempster (Indian Sanitary Koport — ^Evidence) states that the majority of the 
recruits from Scotland and England cat in the hot weather in India much 
more animal food than in the coldest seasons in their native countries.* 

It would therefore seem that illness may arise in India from excess of food, 
hut it is not the regulation ration which produces it, but the additional pur- 
chased food, which is often of had quality, or the (jxtremo idleness of the 
men, in which ca.s(3 even the regulation ration is too much. The only 
remedy is instruction of the men in what is good for them, and no men hvg 
so stupid as not to perceive what is best for their own comfort and happiness 
when it is once pointed out to them. 

In addition, the soldier in India had till very lately tlio spirit ration (now 
lessoned to onedialf), which has the effect of lessening the power of appro- 
])riation of food, though not always the appetite, and thus indhcctly may 
cause over-feeding. 

2. Admitting (till better observations are made) that men in the tropics, 
undergoing as much exertion as at home, will demand as much food, and in 
the same proportions, as far as the four classes of aliment are concerned (and 
it seems to me all physiological evidence shows that this must he the case, 
and that not external temperature, per se, hut the work of the body, is the 
chief measure of food), the next question is, whether the different articles of 
the diet should bo altered ; whether, for example, the same amount of 
nitrogen being given, it should be contained in vegetable or animal food ? 

It has been stated by several of the best observers in the tropics that those 
who eat largely of animal food are less healthy than those who take more 

* Colonel Sykes long ago directed particular attention to this point, stating with perfect 
truth, th|t tlia soldier in India is over-stimulated by food and drink, and under-stimulated by 
bodily and mental exercise. 
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vegetablo food ; and work on CHna, liaa lately again directed 

attention to the fact* that the amoiint of digestive and hepatic disease is much 
greater among the English than among any other European settlers in China. 
But whether this is owing to exct5ssive animal food, or excess generally in all 
food, and to too much wine, beer, and spiiits, is not certain. The diet is 
probably too rich as a whole. 

Supposing meat is taken in proper but not excessive quantity with 
farinaceous food, as at home, is it less healthy than a quantity of vegetable 
food containing an etjui valent amount of nitrogen ? On this point it seems 
to me that strict scientific evidence has not been produced. With regard to 
excess of animal food there is no doubt ; but animal food in moderation has 
not, I think, been shown to be more active in causing liver complaints in 
India than at home. 

Considering, indeed, how important it is, when the digestive organs have 
been accustomed to one sort of diet, not to suddenly and completely change 
it, it seems to me very doubtful whether it would be desirable for the 
European airiving in India at once to give up all x)rovious habits, and to 
commence an entirely different kind of diet. 

It is possible, however, that the meat standfird of England might bo some- 
what reduced, and the bread, Hour, and legurninosie increased. This is not 
the opinion, however, of some of those who have lately paid particular 
attention to Indian rations (Dr C. A. Gordon and Dr Inglisf), and w'ho 
believe that the amount of meat is even too small 

It has often been said that Europeans in India should imitate the natives 
in their food, but this opinion is based (it seems to me) on a misconception. 
The use of ages has accustomed the Hindu to the custom of taking large 
quantities of rice, with jjulses or com ; put an European on this diet, and he 
could not at first digest it j the very bulk would bo too much for him. The 
Hindu, with this diet, is obliged to hike large quantities of condiments 
(peppers, &c.). The European who did the same would produce acute gastric 
catarrh and hepatic congestion in a very short time; in fact, as already 
stated, one great fault of the diet of Europeans arriving in India is too great 
use of this part of the native diet. 

Two points about tlie diet of India seem quite clear. One is, that spints 
are most hiutful, and that even wine and beer must be taken in great moder- 
ation. Of the two beverages, light wines (clarets), which are now happily 
coming into use in Imlia for the officers, are the best. Eor the men good 
beer should bo provided, but it is important to teach the men moderation. 
The allowance per man per diem should never be more than a quart, and men 
would find themselves heidtbier with a single pint per day. But it would 
seem probable that, especially in the hot stations and seasons, entire 
abstinence should be the rule, and that infusions of tea and coffee are the best 
beverages.! 

The other point is, that in the tropics there perhaps even a greater 
tendency to scurvy than at home ; the use of fruits, then, is of gi-eat import- 
ance, and whenever practicable, the growth of fruit trees should be encouraged 
in the neighbourhood of stations. In some stations (Mooltan) lime juice has 
been issued with the greatest benefit when vegetables were scarce. 


* Already noticed as regards India and the Mauritius, 

+ Op, cit. and Army Me<lical Report, vol. v. p. 380. 

t The drinks which the private soldier often buys in the bazaars in India are of the worst 
description ; arrack mixed with cayenne and other pungent substances, or fermented toddy 
mixed with peppers and narcotics, or drugged beer, are common drinks. It would bo e^y to 
put a stop to tms by legislative enactment. 

2 u 
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Health of the Trooxis, ^ 

India presents in many respects tlie same history as our other tropical 
possessions. In former years there was a largo mortality among Europeans, 
attributed usually to the climate, instead of being put down to its proper 
causes, viz., a reckless mode of living amidst the most insanitary conditions. 
As years have passed, the same gradual improvemimt Inis occurred in India 
as in the West Indies. Habits have impirn'i-^d, anti the conditions of life 
have been slowly altered for the better. This change has been going on 
for years, and there has been an astonishing progress since the mutiny. 
Much, no doubt, remains to be done, but the fall in mortality and in sickness 
has been so marked in all the Presidencies, as to lead us to hope that in a few 
more years the Indian service will, liketlieWt^si Indian, be almost as healthy 
as the homo service. It may seem rash to anticipate such a result, but an im- 
provement as great hsis aheady taken place, for the mortality even now has 
fallen one-half, compared with that of thirty years ago. 

The following table shows this : — 


Earlier Years. — Mortality of Europeans 2 '>er 1000 of Slrenr/th. 


Years and Autlioilty.* 

Ben^ral 

Presidency. 

Bombay 

Presidendy. 

Madras 

PrcMi<lenc3'. 

184.5-54 (Chevers), 

1838-56 (Queen’s troops alone — 
Balfour), 


63-88 

60-20 

69-20 


79-20 

61-10 

62-90 

1806-56 (Company’s troops alone 





— Indian Sanitary Commis- 
sioners), ] 


74-10 

66-00 

63-50 


In 1812-16, in the Pcngal Presidency, the deaths averaged 96*5 per 1000; 
in the Eoniba}" Presidency in 1819-20 the deaths were 80 p{ir 1000. 

The above mean mortality includes every loss ; in some years it was, of 
course, greater, in some less ; but on the whole large every year, with a few 
exceptions, till the year 1856. After the mutiny, about the year 1860, the 
sanitary improvements and the greater care of tlie trooi>s which had been 
gradually taking place received an immense impulse. The results are shown 
below. 

* The chief statistics of the forces in India are contained in- 

1. Numerous scattered papers in the various Indian medical periodicals for the last thirty 
years, referring chictly to the health of one iiresidency or of regiments ordorces occupying small 
districts. 

2. Suinmaiies of the whole, by Colonel Sykes (for twenty years ending 1847, Statistical 
Journal, vol. x.), Sir Ranald Martin (Inlluence of Tropical Climates, 2tl edition) ; Mr 
Ewart (Vital Statistics of European and Native Annies, 1859 ; Drs Waring and Norman 
Chevers (Indian Annals, 1858-loG2) ; and as far as officers and civilians are concerned, by 
Colonel Henderson (Asiatic Researches, vol. xx.), and Mr Hugh Maephersou. 

3. Oflicial documents, the most important of wliich are contained in the Indian Sanitary 
Report ; in the yearly Anuy Medical Department Jieports since I860 ; in the various Reports 
of the Sanitary Commissioners in the three Presidencies, in the inv<iluahle Returns of Dr 
Bryden, and in the Municipal and other Official Reports sent in from towns, or districts. At 
present the most valuable information is being collected and published in India of the health 
not only of the European and native armies, hut of the civil population ; and records of popu- 
lation and of births and deaths are now systematically made. For the first time the Indian 
Government is gradually obtaining a view of the state of health of the numerous nations it 
controls. 

The Reports from Bengal (Annual Reports of the Sanitary Commissioner with the Govern- 
ment of India) and those from Madras and Bombay are models of their kind, and must have a 
great effect on the health of the inhabitants of all India. The information given in these excel- 
lent I^poil^ w so copious, that it is impossible to give any a^lequate account of it in this short 
cliapter. t have been able only to note the most striking pohits. 
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Later Years, — Mortality of Europeans per 1000 of Strength, 


■ 

Years and Autliorltics. 

Bengal 

Presidency. 

Madras 

Presidency. 

Bomlmy 

Presidency. 

Total 

Mortality. 

Total 

Mortality. 

Total 

Mortality. 

1860-9 (10 years, Balfour), . . 

31-27 

22*53 

2?-68 

1869-74 (6 „ ) 

24-45 

20*62 

16-61 

1876 (including deaths of invalids) 

18-38 

15-83 

21-95 


Caiwes of Sickiiejfs and Death. 

The causes of diseases and deaths of Europeans are given in the following 
table, extracted from the Army Medical Eeports,” vol. xvi. The period of 
five years includes the cholera year 1872, and 1875 was again a year of cholera 
activity. 

AdmiHsions and Deaths per 1000 of Strenrfth, 


Causes. 

Bengal. 

Madras. 

Bombay. 

1869-74. 

1875. 

1869-74. 

1875. 

1869-74. 

1875. 

Adm. 

Died. 

Adm. 

Died. 

Adm. 

Died. 

Adm. 

! Died. 

i 

Adm. 

Died. 

Adm. 

Died. 

•liolcra, . . . 

7*0 

4*66 

5-5 

3-68 

3-3 

1-77 

0*6 

0-36 

2*1 

1*4.5 

8*0 

6 -25: 

•aroxysnial fevers 
Continued fevers, 

454-1 

1*72 

361-7 

0-73 

135-6 

0-47 

74-7 

0*18 

492-6 

1-20 

410-0 

0*8J 

178-3 

1*99 

131-3 

1-96 

118-0 

1-54 

119-1 

0*80 

166-0 

1-76 

103*6 

2-l£ 

Cru] dive fevers ) 
includingDen- [ 

2*0 

0-23 

2-2 

0-03 

1-3 

0-11 

1.4 

... 

1-6 

0-05 

0-6 

0-lC 

sue), . . ) 

Mifumatisiii,. 

52-0 

0*02 

58*2 


42-1 

0-02 

30-4 


43*4 

0*05 

43*6 

0*1C 

ypliilis, . . . 

Mitliisis, Soro- j* 
fula, Ac., . ) 

88-7 

0-12 

91-4 

0-08 

98-7 

0-17 

108-2 

0*53 

87-1 

0*12 

70-9 

0*10 

10-8 

1-87 

8-3 

1-87 

13-0 

1-C2 

10-8 

1-69 

10-0 

1-67 

7-2 

1-93 

lesniratory, . . 

57-3 

1*24 

60-6 

1-09 

44-7 

0-66 

36-7 

0-.53 

42*3 

0*67 

46*5 

0*97 

1 

19-6 

1*65 

22-7 

0-98 

18-7 

1*99 

20*9' 

2*05 

12*5 

1*19 

37-1 

0*96 

Jervous, . . . 

20*1 

2*35 

21-1 

2-46 

20*8 

2*09 

13-3 

1-07 

16-8 

2-28 

17*8 

3-19 

:ye, .... 

24-0 


20-3 


20-7 


14*0 


26*2 

... 

25*9 


)igestive, . . 

2.50-5 

5*82 

222-6 

3-15 

348-3 

7-47 

294*8 

5-34 

217-6 

3-79 

242-9 

3-87 

Vinary, . . . 

103*2 

0*35 

104-3 

0*32 

78*9 

0*18 

89*7 

0*09 

84-1 

0*23 

84*3 

0-19 

ojurics and ) 
]M)iaons, . ( 

90*7 

1*83 

94-2 

1-59 

115-5 

2-17 

95*8 

2-76 

95-3 

1-84 

112*7 

1*6.5 

ll other cause's, 

155*6 

0*60 

149-0 

0-46 

211-8 

0*47 

1G3*8| 

1 

2*44 

164-4 

0*31 

180*8 

0*67 

Total, . . 

1513*9 

24*45- 

1353-4 

18-38^ 

i 

1251-4 

20-63 

1074*2;i5*83 

1449*9 

16*61 

1371-8 

21-95 


Analysis of the Statistics. 

The following table shows the distribution of mortality according to ago : — 


Deaths p>or 1000 of Strength at the ages 7iamed. 


All India (lial four’s numbers). 

Under 20 
yoai's. 

20 and 
under 25. 

25 and 
under 30. 

liO and 
under 35. 

35 and 
under 40. 

40 and 
upwards. 

3860-9 (10 years), . 

9*25 

17-69 

24-63 

34-17 

44-13 

60-88 

1870 

8*09 

17-35 

19-54 

80-68 

44-71 

68-96 

1875, .... 

8-42 

14-40 

14-80 

16-90 

28-74 

63-01 

Priesidrncies. 







Bengal 1865-70 (Bryden), 

7-61 

33-67 

17-41 

29*94 

29-94 

29*94 

Madras 1863-70 (Cornisli), 

7-40 

13-70 

21-60 

26-90 

41 -10 

46-00 


Y 




676 


FOREIGN SERVICE. 


If these numbers are compared with those of men serving at homo (page 
608), it will be seen that the mortality at every perfod is greater in India. 
If the average for the corresponding years in England bo multiplied by throe, 
we have the following table, which comes close to the average Indian 
numbers : — 

Deaths per of Strength on Home Service multiplied hy three (1859-69). 


Under 20. 

20-24. 

25-29. 

30-84. 

85-89. 

40 and OTcr. 

8*43 

17-13 

22*83 


46*62 

65*14 


This table shows also that the proportion (as between England and India) 
is preserved throughout, /.e., that the mortality is nearly threefold greater at 
every (ige in India. 

This regularity of increase is an argument against the view that ag(*, se^ 
increases the totd mortality faster than it does at home ; and the statistics of 
officers confirm the inference drawn from the argument. The mortality of the 
members of the Military and Medical Fiiiids in Madras and Ileiigal has been 
carefully determined by actuaries, and the following table proves that 
mortality among officers does not increase with ago in anything like the pro- 
portion it does among non-commissioned officers and privates. The large 
mortality in the earlier ages is owing to the statistics running back to long 
periods, when the dc^aths were more numerous. 


Mortality in Officers (in Service FuiuT) according to age* per 1000 of 

respective ages. 



Under 20. 

20-25. 

25-30. 

30-35. 

35-40. 

40-45. 

Madras Military Fund, 
1808-1857, 

Bengal Military Fund, . 
Madras Medical Fund, 
1807-1866, . . \ 

\ 

29 

12 

... 

32*6 

22*3 

14*2 

31*6 

24*5 

35*1 

82 

27*5 

34*1 

29*4 

29 

33*1 

28*4 

28*9 

34*1 


The mortality among officers of 30 to 35 years of age is, therefore, nearly 
the same as among privates, but at 35 to 45 it is very much loss. Mere 
climatic conditions, acting more and more as age advances, can therefore not 
account for the greater mortality of the private soldier, for they would act 
equally on the officer. No doubt the officer has a more frequent furlough to 
England ; but would this be capable of giving liim such an advantage ? I 
think we must conclude that other conditions apart from, or at any rate 
superadded to, climate, must give rise to the largo mortality of the private 
soldiers. 

Mortality according to Service, 

The question can be further considered by taking into account the effect of 
service. The following table from Dr Bryden shows the effect of service for 
three years at the different ages : — 

* Copied from the Report for 1871 of the Sanitary Coinmissionor (Dr Cornish) for Madras, 
lS72,p. 7. 
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l)eafli-rate x>eT 1000 in the European Army of Bengal, excluding Cholera, 


Under 20 years 
of age. 



26-29. 30 and OTcr. 


Whole arniy of 1866-70, 
First year of service, 
Second year of service, . 
Third year of service, 


Causes of Death per 1000 of Strength at different Ages and Seimce in the 
Bengal European Army,* 



Cholera, 


Fever, . 


Heat apoplexy, , 


Delirium tremens. 


Dysentery {fud 
DiaiThcea, 


Hepatitis, . 


Phthisis, 


Heart disease, 


All other causes. 


Army of 1866-70, 
1st year of service, t 
2d year „ 

3d year „ 

1865-70, 

1st year of service, 
2d year „ 

3d year „ 

1865-70, 

1st year of service, 
2d year „ 

3d year „ 

1865- 70, 

.lat year of service, 
2d year , , 

3d year „ 

1866- 70, 

1st year of service, 
2d year „ 

3d year „ 

1865-70, 

1st year of service, 
2d year „ 

3d year „ 

1865- 70, 

1st year of service, 
2d year „ 

3d year „ 

1866- 70, 

1st year of service, 
2d year ,, 

3d year „ 

1866-70, 

1st year of service, 


Under 20. 20-24. 26-29. 30 and over. 



The table in this page brings out very foi'cibly tlie great mortality of 
the first year of service at all ages ; the older men suffer as much as the 
younger ; the mortality falls during the second year of service, and in the 
third is below the mean mortality of the army at large. To determine how 
far this is owing to climate, we must analyse the causes of this mortality. 


* Appendix C in Bengal Sanitary Report for 1870, p. 265. et aeq., and for 1871, p. 213. 
t Too much weight must not be laid on these large numbers, as that particular year must 
have been one of gi'cat epidemic prevalence of cholera. * 
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Tlie careful statistics of Dr Bryden enable us to answer this point with some 
accuracy.* 

Certain broad facts are at once shown by the second table on page 677. 
Leaving cliolera out of the question, f tlio mortality from fevers is seen to bo 
excessive in the first year of service, and to be far greater among the young 
men ; in fact, in men over thirty it is trifling. These fatal fevers are largely 
made up of typhoid fever, J which is known to alfect young persons in a far 
higher ratio than older persons. , Heat apoplexy, by which is meant all the 
forms of “ thermic fever,” is also extremely fabd in the first year, but its 
incidence is not on the young but on the old men ; on first arriving in India, 
men over thirty die seven times more from heat diseases than the men under 
twenty. Two causes may be here acting, — tlic organs of the older men may 
not be able to accommodate themselves so easily to the unaccustomed heat as 
those of young men (see page 411), or the organs (lungs, heart, and brain) of 
the older men may have been injured by the ilrinking so common in the army. 
Probably both causes are in action. Delirium tremens kills no man under 
twenty, and very few under twenty-five ; its effect is most marked after 
thirty, and the table seems to show that the older drunkards die twice as fast 
during the first year in India as in succeeding years, (us if the liot climatcj had 
an unfavourable influence, or they may drink more on first arriving. 
Dysentery is fatal during the first year, and cs23ecially in men over twenty- 
five ; it is less so in the second and third years, but is still higher tlian the 
average of the whole army. Its incidence appears to be, then, in the early 
years of service, and it is more j)rcvalent or more fatail in the older men. 
Hepatitis kills scarcely any under twenty years of age ; its fatality increases 
as ago advances, until at thirty and over it is fifty times as fatal as under 
twenty; the effect of service upon it is less marked than in the case of th^'^ 
other diseases. Its fatality is no doubt connected with advancing degenera- 
tion of the hepatic tissue, produced either by climafi^, or what is' more likely, 
perhaps, by bad dietetic habits. 

When a regiment goes to India the diseases (excluding cholera) to be 
guarded against during the first two or three years are, for the young men, 
fevers (in part enteric), and dysentery ; for the old men, dysentery, heat 
diseases, and hepatitis. As a regiment continues to serve in India health 
improves, until in the third year the mortality is (except in fever and 
dysentery) lower than the average of the army on a teiin of years. We do 
not yet know how long this lessened death rate continues, but eventually the 
mortality from heat apoplexy and hepatitis again increases, while dysentery 
and fever both decline. 

I^'o doubt the inquiry will eventually lead to still more important results, 
but even now sanitary measures of value are pointed out. Enteric fever and 
dysentery have to bo prevented among the youug men, and theie is no 
reason to doubt that the success which attends preventive measures at home 
will equally reward similar efforts in India. These two diseases are greatly 
under the control of sanitary regulations, and their continuance is a slur upon 


* Dr Bryden’s statistics, as given in the Reports of the Sanitary Commissioner with the 
Government of India, and in the separate Blue-Book (Vital Statistics of tlie Bengal Presi- 
dency, 1870) are so much more complete than any other, that they have rendered obsolete all 
the older records. Dr Cornish’s Statistics as contained in the Madras Sanitary Bex>ort3 ore 
also most valuable. 

+ The statistics of cholera are given farther on. 

J For evjflence of this see Brydea's Report, and several papers in the Indian Medical 
Gazette by afferent officers. 
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tho application of our sanitary knowledge. We may confidently anticipate a 
decline in their prevaJienco and mortality. 

Thermic diseases and hepatitis among the older men first going to India 
can also bo lessoned. The diseases arising from heat (either on organs 
insusceptible of accommodation or commencing to degenerate) must be met 
by not subjecting men to the inliuenco of heat. The inestimable boon of 
placing on the hills all regiments which arrive from England will surely not 
be much longer delayed. These statistics of Eryden prove its necessity, and 
it is happily a measui’e which accomplishes many other objects. Malaria is 
avoided, the chances of cholera are lessened, and the risk of typhoid fever 
probably diminished. No other plan can be devised which can accomplisli 
so much in tho way of i^reveiition, or can aid so greatly in preserving the 
vigour and i)ower of the soldier. And then, by descent into the plains at 
certain times, the body will become accommodated to the changed conditions. 

It is now an order that no soldier shall go to India until he is twenty 
years of age. This was not done because a man under twenty suffei’s more 
from climate and dies faster ; in fact he sutlers less and dies more slowly, but 
he is unlit for the complete work of a soldier until his fmme has consolidated. 
As soon as this has taken place, however, it would appear that he should go 
to India as early as he can, and, if protected fnmi cholera, enteric fever, and 
dysentery, lie will for some years have as good health as at liome. Up to 
and iricliisive of tho third year his health will improve with residence; at 
some subsoipiont period it deteriorates, but the statistics do not yet show the 
precise year of service when this occurs. When it is made out, and when it 
is clear that decided deterioration of health has coilimenced, the period of 
service should end, and tlie soldier should return home. 

The means of prevention of enteric fever, dysentery, hepatitis, and cholera 
* have been already noticed (page 488 et seq,) ; but it will bo desirable in this 
place to notice some jdaces connected with tho mortality of cholera in Bengal, 
which appear to point to certain preventive measures. 

Cholera in the Bengal Presidmey,* 

During fifty years (from 1818 to 1867) the mean annual mortality from 
cholera per 1000 of European strength in Bengal was no less than 9 '4. It 
was the great cause of variation in the percentage of mortality from year to 
year. The cholera mortality was not owing, as might have been supposed, 
to service in the stations in Bengal prox)cr (the so-called endemic home of 
cholera), for the mean mortality in Bengal j^roper was below that of the 
Punjab, where cholera is occasional, ?.e., prevails only at certain seasons and 
in certain years. If Ave compare Bengal proper with tAVO other military dis- 
tricts, Agra Avith Central India, and the Punjab (as representing Central India 
and the extreme north-west), tAvo facts come out A’^ery* clearly — 1st. That in 
Bengal proper the mortality is more steady, but on an average of years is 
lower than in the other two districts, Avhere tho ^iieau mortality is heightened 
by occasional tremendous outbreaks unknown in cholera's endemic home ; 2d. 
That in Bengal proper the Sepoy mortality is higher than in Europeans, while 
in the other stations it is much lower, f 

* Tlie statistics reteiTed to in this section are those given by BryJen in his valuable Re- 
ports — Vital Statistics of the Bengal Presidency, 1070 —and Appendices from Dr Cuning- 
hani’s Annual Report, but Dr Bryden is not answerable for my way of putting the figures, or 
for iriy inferences. 

t It lias been >vTongly stated that tho excessive mortality from cholera of Europeans in tho 
Bengal Presidency is an effect of race ; the statistics of Bengal proper (as shown in the next 
table) and of tho Madras Presidency entirely disprove this. In the Madi-as Presidency in 
1860^6, the annual European cholera mortality was 3 1 per 1000 of strength, and the Sepoy 
mortality was 3 ’07, or virtually the same, ^ 
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Table to show the Mortality from Cholera per 1000 of Strength in Europeans 

and Sepoys, 


Year. 

Bengal Proper. 

Agra and Central India. 

Punjab. 

Europeans. 

Sepoys. 

European. 

Sepoys. 

European. 

Sepoys. 

1861 

6-51 

6-38 

41*21 

•25 

36-10 

6*88 

1862, 

6*11 

5-44 

26-90 

1*3 

12-74 

3*99 

1863, 

317 

4*25 

3*82 

•4 

•13 

•90 

1864, 

2-50 

6-40 

0*62 

•0 

•06 

•09 

1865 1 

6*40 

9-20 

7-20 

3-1 

•14 

0 

1866, ! 

1-90 

?-03 

0-23 

0 

0 

0 

1867, 

2-50 

3-50 

3*30 

•9 

207 

3*9 

1868, 

6*34 

2-51 

8-36 

•16 

0 

0 

1869, 

•53 

4-43 

30*18 

7*25 

16*86 

7*33 

1870 

1-00 

3*03 

•47 

0 

0 

0 

1871, 

•51 

1-25 

•24 

0 

0 

•07 


Although the numbers will not be quite correct, still as the strength of tlic 
Europeans and Sepoys did not vary much from year to year, tlio mean of the 
whole eleven years may without sensible error be taken from the above 


averages — 



Europeans. 

Sepoys. 

Euroiicans. 

Sepoys. 

Europeans. 

Sepoys. 

Mean of 11 years, . 

3-32 

4-32 

10-68 

1-22 

778 

2*02 


The above table is most instructive, and proves beyond doubt tliat while 
cholera is never absent from Europeans in Bengal 2 )ro 2 )er* (the endemic liome), 
it never attains the destructive prevalence wliich occurs in Central India and 
the Punjab, where it is sometimes entirely abseiit for years, and yet tlie^, 
severity of the outbreak, when it does occur, makes the mean Punjab and 
Central India cholera mortality of eleven years far gi’eater than the choliun 
mortality of Bengal ])]'oper. 

Among KSepoys the Tiiortality in Bengal proper is actually greater than in 
Europeans, while it is far Jess in the Upjjer Provinces, and in some outbreaks 
(as in Central India in 1861) the Europeans have suHered frightfully, while 
the Sepoys have been scarcely touched. 

What, then, is the cause that while in Bengal proper, where the conditions 
of cholera always exist, the mortality should bo comparatively low, there 
should be such terrible out})rcaks in up-country stations where (iholera is only 
a visitor, and why should these outbreaks aifect the Europeans so part icularlyl 
To answer this question we may select a few of the worst stations in Upper 
India, and see what the mortality was in the great epidemics of 1861-2-7-9. 


Mortality per 1000 of European Streufjth in different Epidemics, 



1861. 

1862. 

1867. 

1869. 

Meerut, 

34-32 

15-70 ■ 

70-30 

7-04 

Mean Meer, .... 

245-63 

49-93 

50*49 

0 

Peshawur, .... 

0 

49-24 

92-93 

120-14 

Agra, 

' 56-56 

42-5 

0 

0 

Morar, 

337*43 

37-25 

11*52 

82-89 


* Since 1871 the ratio of deaths from cholera among Euroj^eau troops has been very small 
in the Presidency division (including Bengal proper) : — 

1872, . 

1878, 

1874, 


0-69 per 1000. 
0-3(5 „ 
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This table shows that the outbreaks are very variable in intensity ; a station 
may be quite free fipm cholera in one epidemic and suffer, frightfully in 
another. In Agra in 1861 there was a tremendous outbreak ; in 1867 there 
was no case, though the disease was all round. 

If we now analyse the station statistics themselves, the remarkable fact 
comes out that some of the severest outbreaks involved only a portion of the 
Europeans. 


Thus, at Meerut, in 1867 — 
The 19th Hussars were 


430 strong,* and lost 1 man from cholera. 


5 batteries of artillery wore 610 „ 5 

The first bat. 3rd Eu&s were 679 „ 105 

The Sepoys had no death from cholera. 

At Mean Meer, in 1867 — 

The Hoyal Artillery 470 strong, lost 
The 106th Kegiment 772 „ „ 

At Umballa, in 1867— 

The 21st Hussars, 418 strong, lost 
The 94th Kegiment, 638 
A battery of RH. A., 144 
A battery of E.H. A., 133 


The Sepoys, 937 

At Lucknow, in 1869 — 

Eattery RH.A., 131 

The 5th Lancers, 479 

102nd Regiment, 685 

62nd Regiment, 834 

The Sepoys, 1767 


4 

47 


men. 


2 men. 
18 ,, 

None. 
1 man. 

3 » 

Noiu?. 

4 men. 

11 ,, 

43 „ 

3 „ 


These fsujks show that the hypothesis of an epidemic inllucncc produced by 
something floating in tlie air is incredible, and for such a partial distribution 
as is shown above would be impossible. If these figures prove anything, it 
is that the causes of the tremendous loss in these stations is not a generally 
diffused cause, but a well-marked local development, having iiarrow limits, and 
sometimes involving only a single barrack. 

At Meerut, in 1867, while the 3rd Buffs were literally more than decimated, 
the Hussars and Sepoys were as healthy as if they had been in England. 

The figures also show tliat the supposition tliat the diifei'encc in mortality 
between the Europeans and Se^^oys is owing to difleronoe of social habits 
(especially as regards latrine arrangements) is unlikely, for different bodies 
of Europeans in the same station suffer as diversely as Europeans and 
Sepoys. 

The localising conditions, which give the intense spread to what is, no 
doubt, an imported agent, must be referable to either soil, water, air, or food. 
Faulty latrine arrangements, if tliey exist, must act through one or other of 
these media, poisoning the ground, or air, or water. The inexuiry into the 
local sj3read of cholera, if, concentrated on the locality, and carried to the ex- 
haustion of every possible factor, must surely solve this problem. It is as in 
typhoid fever at homo, where everything often seems a mystery until a 
minute search is made, and then what seemed inex] 3 licable is found to be 
simjDle. 

But, without waiting for the solution of the cause of these localisations of 


* The strength is the average strength of the year, and is merely given to show the general 
relation between the niqnbers the deaths. • ^ • 
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cholera, the fact of the localisation points out preventive measures which, as 
a matter of reasonable precaution, ought to bo takent in every barrack in 
Upper India where these great outbreaks have occurred. These measures 
sliould be adopted on the ground of removing every possible local cause, 
even though the particular precaution may not have been proved to bo 
necessary. 

1. The intluence of the ground should be excluded by the most thorough 
paving and cementing everywhere, and by careful examination and cleansing 
under every floor. 

2. A fresh water supi)ly should bo obtained at any cost, be from an un- 
doubted source, and be kept solely for the use of the barrack.* 

3. The cooking aiTangements should be entirely remodelled, and the supply 
of every article of food carefully considered. 

4. The latrine armngemejits should be remodelled, the places changed, and 
the system at every point scrutinised to see if soil, air, or water can in any 
way be contamijiated by percolation or emanation. 

If, after adopting these measures, and carrying them out fairly in their in- 
tegrity, an outbreak still occurs, this cannot throw doubt on the correctness 
of the view which attaches so much weight to localisation ; it will only show 
that wo have not solved the problem of the localising agency, and if no other 
local sanitary measures can be adopted it seems to mo that the barrack should 
altogether be abandoned. But I believe this will not ha found to be 
necessary. + 

With regard to Mean Meer, which has suffered so severely and so often 
from cholera, it is a very important fact that enteric fever has from time to 
time prevailed at that station, as in 1860-69-70. In the two lath*r years a 
careful examination of the water supply was made by Surgeon-Major Sk(?en, 
of the 85th regiment, who has kindly given me the evidence on the point.* 
Although his view has been disimted, the facts lie mentions in Jiis letter to 
me have convinced me that in both these years the water was the medium of 
introduction. The fact, as I believe it, of typhoid fever being thus introduced 
by well water (temporarily used in the absence of canal water), the chemical 
analysis showing hecal impregnation of this w^ell water, and the existence of 
sources of fiecal contamination of water, all seem to mo strongly to indiciite 
that cholera evacuations would also, in all probability, pass into the water, 
and might account for the fearful outbreaks at Mean Meer. At any rate there 
can be no doubt that means should be taken to entirely close the wells, wliicli 
are occasionally used, and if the canal water whicli is oi-dinarily used does 
not give a sufllcient supply at all times of the year, that a fresh source should 
bo brought down at any cost. The strong facts given by Dr Do Bonzy 
respecting l^eshawur i)rove that the same course should be adopted in that 
station. These measures are imperatively demanded as a matter of precaution, 
and no theoretical arguments that the water is not to blame ought to be 
allowed to override them. 

Phthisis in India, 

The amount of Phthisis in India is a highly interesting question, and in 
the following table I hjive calculated the admissions, deaths, and invaliding 
from this cause for two successive periods of four years each ; the admissions 
and deaths are also added for the sLx y 43 ar 8 ending 1876. 

* Should there be insuperable difficulty attending this, much good might be done by supply- 
ing the barracks with distilled water. Even boiling the water before issue would probably be 
efficacious. —P. de C. 

* + For the Pleasures to be adopted during the epidemic, 8 ee 4 )age 481* 
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Phthisis^ indudinff Iloemoptysis per 1000 of Strength. 


— 

Admissions. 

Deaths. 

Invalided. 

Total Deaths 
& Invalided. 

Bengal. 





4 years — (1863-66), . 

7-500 

Wmm 

2-729 

4*436 

4 years— (1867-70), . 

10*080 


3-636 

5-388 

6 years— (1869-74), . 

10-080 

1-870 



Bombay. 





4 years — (1863-66), . 

7*756 

1*526 

3-280 

4-806 

4 years — (1867-70), . 

9*186 

1.238 

3-576 

4-814 

6 years — (1869-74), . 

10*000 1 

1*670 

... 


Madkas. 





4 years — (1863 -66), . 

11*626 

1*458 

3*656 


4years— (1867-70), . 

11-960 

1-336 

4-737 


6 years— (1869-74), . 

13-000 

1-620 




How regularly the causes of phthisis must he acting, is seen in the fact 
that in four years, 1863-66, 74 men died from phthisis in the Bombay 
Presidency, and 73 in the Madras Presidency, the mean number of troops 
being in each cAso almost i)recisely the same (12,119 and 12,ol2). In the 
next four years, with a smtiUor number of troojjs, 53 and 55 died in the two 
Presidencies. In the Bengal Presidency the deatlis arc higher, but the in- 
validing is less, so that the slight difference is compensated. More men died, 
and fewer were sent away. 

The table seems to me to show clearly that the immense range and varia- 
tion of climates in which the troops serve in India, produce no otibet whatever 
on the production of phthisis ; and this inference is again strengthened by 
the fact that the mortality in Bengal from phthisis is almost precisely the 
same as in Canada (1*707 and 1*71 per 1000). 

If the Indian mortality and invaliding are compsired with the table already 
given of phthisis in tlie home army (p. 609), it will bo seen that there is 
decideilly less phtliisis in India. The mortality is less, and thej invaliding is 
far below. There can bo no doubt, then, that the causes of phtliisis are less 
active in India than at home j and if these causes are not climatic, must the 
difference not be found in the larger breathing space and greater lateral 
separation men have in India ? 

It would be interesting to have some certain statistics of the amount of 
phthisis in former years, when men were more crowded ; Ewart* gives the 
deaths in the Bengal Presidency, from 1812 to 1831, as 2*6 ]>cr 1000 of 
strength, and from 1832 to 1851-52, as 1*8 per 1000. In the Bombay 
Presidency, from 1803 to 1827, they were 1*6, and from 1828 to 1852, 1*4 
per 1000, Ewart thinks this indicates a largo decrease, but doubts whether 
this may not be owing to more accurate diagnosis. The table just given 
shows, however, that in Bombay at any rate th^ deaths in the years 1863-66 
were as great as in 1828-52. In the early period, however, there may have 
been less invaliding. In the absence of reliable statistics, the question of the 
relative amount of phthisis now and formerly seems to mo impossible to be 
answered. 

With respect to the cure and prevention of phthisis, it seems a groat pity 
to send phthisical invalids to England, where they die at Netley, or are cast 
out to die miserably among the civil population, when in the Himalayas tliero 
are elevated localities which must bo particularly adapted for the successful 

* Vital Sintistics of tho Armies in India, 1859, p. 161. ^ > 
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treatment of consumption. When means of communication are improved, it 
is possible that we may see phthisical invalids going froih Europe to the high 
peaks of the Himalayas, and why should not the European soldier, who is 
actually in India, benefit by the mountain ranges 1 A phthisical sanitarium, 
at an altitude of 10,000 feet, would be likely to cure the disease in many 
cases, if it were diagnosed early, and then if the men were afterwards kept 
on the lower hill stations, they would probably become peifectly strong. To 
send these men home to England, is condemning them to almost certain 
death. Formerly the distance in India would have been fatal to such a plan, 
but now, by proper arrangements, even weakly men could be brought from 
all parts of India. Dr Hermann Weber, who has paid great attention to the 
elfect of altitude on phthisis, holds very decided views as to the beneficial 
eifect of such an arrangement, and has already urged this point on the atten- 
tion of the authorities. 

The other diseases of the lungs are not unknown in India. Pneumonia 
gives a mortality in P>engal of about *5 per 1000 of strength, or a little hjss 
than at home (=*571); while in the other two presidencies it is not half 
this amount. Acute bronchitis also causes in all the presidencies a mortality 
almost precisely the same as at home (*27 and *285 per 1000). 

Loss of Service — European Troops, 

The admissions and mean daily sick have been already given. 

As compared with home service, a larger number of admissions, a greater 
daily number of sick, and a shorter duration of cases, and a larger mortality, 
indicate not only more sickness, but the presence of very rapid mortal diseases, 
which shorten the mean duration of all cases. 

The chief causes of admissions are “ paroxysmal and continued fevers,” 
venereal disease, dysentery, rheumatism, integumentary diseases, and digestive 
fiftections (not hepatitis). Hepatitis and cholera cause few admissions, but a 
large mortality. 

With regard to the prevention of those several diseases, enough has been 
said on the chapter on the Prevention op Disease. There is no doubt that 
much may be done, and probably the sickness and mortality wiU be reduced, 
if hill stations are used to the same ratio as in the Weet Indies. 

It is most satisfactory to find that the sickness and mortality are both 
rapidly falling, owing to the energetic means now being ado]>ted by the 
Government, and to the increased sanitary powers and im])royed curative 
means of the medical officers. 

The prevalence of venereal disease demands as much attention in India as 
in England, but the preventive measures will be much easier. Police regu- 
lations and proper surveillance are now being enforced, and Lock hospitals 
are established in many places. At present twelve men per company are 
allowed to marry, and it has been supposed by military officers that 25 per 
cent, could be so allowed. This is much to be desired ; but if it be done, the 
Government must face certain results ; proper quarters must be provided, and 
places for disposal of the women in times of service. It is also very desirable 
for married men not to move regiments too frequently ; and if the plan of 
giving a regiment two years’ service in the hills and one on the plains bo 
adopted, it will put the married people to great expense. Probably it will be 
found that a longer hill service can be given without injury.* 


* CTie ifew short service system will probably change thff aspect of the question. 
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Invaliding of European Troops, 

During the last few years the invaliding statistics of Bengal have been 
given with great care by Dr Bryden.* The invaliding ratio, from all causes, 
in the Bengal European army, has varied in ten years (1861-70) from 28*09 
to 53*98 per 1000 of strength. 

In the Bengal army the ratios were per 1000 strength — 

Years. Under 24.t 25 to 30, 30 and. upwards. 

1865-70, . . 26*55 39*74 78*34 

1871, . . . 25*95 40*42 68.14 

The invaliding is high during the early years of service ; in 1871, out of 
2357 invalids whose residence in India was known, 1202, or 51 per cent., 
had been only from one to three years in India. 

The chief causes of invaliding are phthisis, heart affections, hepatitis, and 
general debility, and the following table, from Bryden, shows the ratio of 
these classes : — - 


Chief Gauaeii for Invaliding. 

1 to 3 Years. 

6 to 10 Years. 

Above 10 Years. 

Phthisis 

10 

7 

4 

Heart AfTcctions, 

15 , 

6 

8 

Hepatitis, .... 

17 

15 

16 

General Debility, 

15 

19 

28 

Per cent, of Total Invaliding, 

57 

47 

56 


j The total invaliding is made up of those sent home for discharge and for 
change of air. Erom one-third to nearly one-lialf of all invalids are in the 
latter category. 

Mortality of Native Troops, 

Colonel Sykes gives the mortality for 1825-44 as 18 per 1000 of strcngth 
for all India ; and for Bengal, 17*9 ; Bombay, 12*9 ; Madras, 20*95. 

In Madras, from 1842 to 1858, the average was 18 per 1000 (Macplierson), 
of which 6 per 1000 each year were deaths from cholera. 

Ewart gives tlie following numbers (p. 36), per 1000 of strength — Bengal 
(1826-1852), 13*9; Bombay (1803-1854), 15*8; Madras (1827-1852X 
17*5. 

Taking successive quinquennial j^eriods, there lias been a slight progressive 
decrease in mortality, but this is less marked than in Europeans. 

The excess of mortality is chieHy due to cholera, dysentery, and fever. 

In Bengid, in the years 1861-67, the annual mortality per 1000 of men 
present with the regiments was 14*57. In Madrps the average mortality in 
six years, 1860-66, was 12*6. 

The following table gives the mortality of native troops per 1000 of strength 
in the presidencies of Madras and Bombay in 1870-71 ; and for Bengal in 
1870-71 and 1875. 


* Vital Statistics of tbe Bengal Presidency, 1870 ; and 7th and 8th Reports of the Sanitary 
Commissioner (Dr Cuningham) with ..the Government of India. I must refer to those elabo- 
rate reports for the full details. 

t In the Army Medical Reports the ratios are now given for each biennial period up to 30 
years of age. (See Report for 1875, vol. xvii.) ^ ^ 
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Bengal . 

Boinbfty. 

Mad rue . 

1870. 

1871. 

1875. 

1870. 

1871. 

1870. 

1871. 

Cholera, 

•76 

•84 

1-69 


•3 

•65 

•32 

Small-Pox, . 

•13 

... 

0-20 

... 

... 

... 

... 

Intennittent, Remittent, ) 
and Con tinned Fever, j 

4*65 

2*64 

2*56 

2-1 

2-4 

1*97 

1-4 

Apoplexy and Sunstroke, 

•23 

•13 

0*33 

•1 

•2 

•19 

•2 

Dysentery, . 

1*94 

1*09 

0-92 

'4 

•4 

•27 

•64 

Diarrhoea, . 

1*06 

1-30 

0-82 

•4 

•1 

•35 

•84 

Hepatitis, . 

•13 

•2 

0-10 

•2 

•2 

•19 

•16 

Spleen Disease, . , | 

•25 

•43 

0*56 



•03 

•04 

Respiratory Diseases, . 

3*22 

4 19 

317 

i -8 

3*1 

1-23 

•64 

Phthisis, 

•88 

1*04 

0*15 

•4 

•3 

*67 

•84 

Heart Disease, 

•20 

•20 

0*77 

... 

•4 

•47 

•4 

Dropsy, 

•17 

•05 

0 03 



•75 

•66 

Scurvy, 

•17 

•08 

0-10 

■2 

•4 

... 

... 

Atrophy and Annemia, . 

•48 

•48 

0-30 


•1 

•47 

•16 

Wounds and Accidents, 

•20 

•20 

0-28 

1 

•1 

•11 

•12 

All other Causes, . 

•98 

1-30 

0-95 

2-8 

2-4 

2*93 

2*48 

Died out of Hospital, . 

•45 

•81 

0-56 





Total, 

15-89 

15*04 

13*5.5 

8-5 ! 

10*6 

9-48 

8-84 


SECTION IX. 

CHINA. 

Hong - Kong . 

Although the English have occupied Canton, Tientsin in the north, and 
several other i)laces, yet, as their occupation has been only ttmiporary, it 
seems unnecessary to describe any other station tliiin IIong-Kong. 

Ganison of Hong-Kong about 1000 to 1500, but differing considerably 
according to the state of affairs in China. 

The island is 27 miles in circumference, 10 long, and 8 broad at its widest 
X)art. 

Geology . — The hiUs are for the most part of granite and syenite, more or 
less weathered. In some paits it is disintegrated to a great extent, and clayey 
beds (lateritc) are formed, in which granite boulders may he emhedded. 
Victoria, the chief town, stands on this disintegrated granite. As in all other 
cases, this weatliercd and clayey granite is said to be very absorbent of water, 
and, especially in tbe wet season, is considered very unhealthy. 

Climate , — Mean annual temperature, 73° Fahr. ; hottest month (July) 
86°‘25 ; coldest month (January), 52°*75 ; amplitude of the yearly fluctua- 
tions, 33° '5. 

The humidity is considerable, about 10 grains in a cubic foot of air in July, 
and four in January, 

The N.E. monsoon blows from November to April ; it is cold, dry, and is 
usually considered healthy and bracing ; but if persons who have suffered 
from malaria are much exposed to it, it reinduces the paroxysm. The S.W. 
monsoon blows from May to October ; it is hot and damp, and is considered 
enervating and relaxing. The difference in the thermometer between the tw'o 
monsoons has been said to bo as much as 46°, but this seems excessive. 

The rainfall is about 90 inches with the S.W. monsoon. 

In addition to Victoria, there are two or three other stations which have 
Ipeen occupied as sanitaria, viz., Stanley, seated on a peninsula on the south 
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end of the island, and about 100 feet above the sea ; and Sarivan, 5 miles 
east of Victoria. Neither station seems to liave answered ; the barracks are 
very bad at Stanley, and are exposed too much to the K.E. monsoon, which, 
at certain tinitis, is cold and wintry ; during the S.W. m,onsoon it is healthy. 
Sarivan lias always been unhealthy, probably from the neighbourhood of rice 
fields. Since the close of the last war a portion of the mainland, Cowloon, 
opposite Victoria, has been ceded, and has been occupied by troops. It is 
SMld not to be, however, even so healthy as IIong-Kong,* but there are 
differences of opinion on this point. 

Hong-Kong has never, it is said, been considered healthy by the Chinese. 
The chief ciausos of unhealthiness appear to be the moist laterite and weathered 
granite, and the numerous rice fields. Indeed, to the latter cause is ascribed 
by some (Sniart)t the great unhealthiness, especially when the rice fields are 
drying in October, November, and December. 

Local causes of unhealtliiness existed till very lately in Victoria. In build- 
ing the barracks the felspar clay was too much cut into, and, in addition, the 
access of air was impeded by the proximity of the hilLs. The S.W. monsoon 
was entirely shut out. Till lately sewerage was very defective. 

Owing probably to these climatic and local causes, for many years after its 
occupation in 1842, IIong-Kong was excessively unhealthy. Malai’ious fevers 
were extremely common, and not only so, but it is now known that typlioid 
fever has always prevailed there (Becher and Smart). Dysentery has been 
extremely severe, and has assumed the peculiar form of lientery. This was 
noticed in the first China war, and appears, more or less, to have continued 
since. In addition to these diseases, phthisis appears to have been freiiucmt. 

There have been of late years such frequent wars in China, that the exact 
^ amount of sickness and mortality, due to the climate of Hong-Kong, cannot 
be well determined. But it is becoming much healthier than in former years, 
owing to the gradual improvement in sanitary matters which goes on from 
year to year. In 1865 there was, however, much sickness, owing apparently 
to overcrowding, and to bad accommodation. 

In the Statistical lieports, the troops serving in IIong-Kong, Cowloon, 
Canton, and Shanghai, are classed together, so that the inllueiice of Hong- 
Kong pc^?' ge cannot bo known. 

In the years 1859-66, which include years of war, the admissions in South 
China averaged 2131, and the deaths 56-25, or, exclusive of violent deaths, 
52*63 per 1000 of strength, and there was in addition a large invaliding. 
Paroxysmal fevers gave 609 admissions and 7*77 deaths ; continued fevera, 
25*25 admissions and 4*17 deaths ; and dysentery and diarrhoea, 249 admis- 
sions and 16*3 deaths per 1000. In later years the mortality was less ; in 
1869-70, it was 16*02, and in 1871 only 5*82 per 1000 of strength, and of 
these only 3*88 was from disease. In 1875 it was 9*44. It is evident that 
the causes of sickness and mortality are now being brought under control. J 

* Sco Report of Surgeou Siicll, Army Medical Repoi-t, vol. v. r*. 360, for the causes of 
the uuhealtfiiness of Cowloon. 

+ Transactions of the Epid. Soc., vol. i. p. 191. This paper should he consulted for an 
excellent account of Hong Koiipr, and of the diseases among sailors especially. 

X AiLstralia and New Zealand. — The withdrawal of the troops from these colonies renders 
it unnec^jssary to give any statistical details. 



CHAPTER V. 

SERVICE ON BOARD SHIP.* 


Service on board ship must be divided into three sections, corresponding to 
three different kinds of service. 

1. Transport shix)S, for the conveyance of healthy soldiers, tlieir wives and 
children, from place to place, or for conveying small parties of troops in charge 
of convicts. 

2. Transports for conveyance of sick from an army in the field to an hospital 
in rear, or from a foreign station to a sanitarium, or home. Although the term 
is a little odd, it is convenient to call these ships Sick Transports. 

3. Hospital shijDs, intended for the reception and treatment of the sick. 

* Although the conditiona of life on hoard ship are most important, it is not possible for me, 
with due regard to space, to enter into the subject. But the necessity of thorough study has 
been well shown by a very valuable essay of Dr Rattray's, read before the Medico-Chirurgical 
Society in 1872, and from this I extract a few points of great interest. In H.M. frigate, 
Bristol, used for training of cadets (wooden snip, ventilated chiefly with windsails, the 
results of 150 analyses of the air between decks, during voyage to the Cape and back (average 
sleeping cubic space 105 to 222 cubic feet for the crew, and from 242 to 506 for cadets), showed 
that the impunty was immense; the average C’C-j was no less than 16*4 volumes per 1000, 
with a mnge of from 4*2 up to 33*71 volumes in the most crowded parts. The reason, no doubt, 
of this most imnsual amount, is not only great crowding, but a constant residuum of 
impurity, arising from continued occupation and very slow renewal of air. In parts also the 
I)rodiicts of combustion accumulate. Rattray mentions that lime-wash soon gets discoloured, 
and effervesces with acid. In the tropics, although the ship was more open, the air was as 
impure as in colder regions, owing, no doubt, to its greater stagnancy. Sulphuretted hydrogen 
and suli»hide of amiiioniuni, derived from decomposition of the sulphates in bilge-water, &c., 
from rotten timber, and from decomposing excreta, existed in considerable amount, from 
*000578 to *049049 volumes per 1000 (tlie latter was in the bilge) ; it was most where the 
crowding was greatest. Ammonia was also in large amount ; ozone was deficient, and was 
almost wanting in the lowest parts of the ship ; the cjuaiitity of substances decomposing 
potassic pennaiigjinate was great, 1 niilligraiume of permangaiiato being destroyed by from 
.5 cuVjic feet (in the cells) to 12 cubic feet (lower deck). As regartls temperature, the air was 
c.x)lor by night than day, but was warmer by 3° or 4'" than the external air. The suspended 
matters in the air of tlie ship wei e large in amount, and (consisted of debris of wood, metal, 
sail, rope, clothing, epithelium, and gritty matter ; 3 grains of fine greyish dust fj*om between 
the beams of the lower deck gave 73*34 per cent, of destructible matter, an«l 26*66 per cent, 
of mineral substance, in the air of the lower and main deck, there were minute living acari, 
legs of insects, and small round and oval bodies, similar to those described by Lemaire and 
Trautman. Dr Rattray points out the highly deleterious effect of breathing such an atmo- 
sphere as this on the great function of respiration and aeration. 

The following examination of bilge-water, collected seven days after the bilge had been 
sluiced, is of interest. Tlie specific gravity (at 74'^ Eahr.) was 1031, the sea- water being 1027 
(temp. 71°) ; there was a tolerably clear supernatant strongly alkaline fluid, with a feetid 
smell, and evolving sulphuretted hydrogen in sufficient amount to darken, in five minutes, 
paper soaked in acetate of lea4l solution, and lield over it. There was a copious, dark, highly 
offensive sediment, showing under the microscope small pailicle.a of wood, sand, coal, white- 
wash, &c. It is clear that the sea-water, after passing into the ship, became concentrated, and 
was acted on by various organic matters. 

Seven specimens of bilge-water examined at Netley by Drs Macdonald and de Chaumont 
from iron, wooden, and composite sliips (sea-water with solids varying from 891 to 2885 grains 
per gallon), at first containeef sulphuretted hydrogen, but after four months'.exposure in loosely 
corked bottles, the sulphuretted hydrogen entirely disappeared; there were no alkaline 
sulphides. This shows that the production of SHg occurs from changes produced in the bilge- 
water by the materials of the ship, and d»jes not go on when the bilge is removed from tne 
influence of the ship. It was as great in iron as in wooden ships. There was no nitric acid, 
and only a trace of nitrous acid in the bilge ; the free ammonia was very small in amount, and 
^e albuminoi(\;ammonia varied from *3 to 1 milligramme per litre. The absence of life was 
remarkal^ ; there were only a few dead oi-ganisms, and these seemed as if attenuated and starved. 
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SECTION L 

TRANSPORTS FOR HEALTHY TROOPS. 

The use of Government transports has very much altered the duty of medi- 
cal olficers on board The transports are really men-of-war, i.e,y officered by 
the Royal Navy, and under naval regulations. The medical officer of troops 
has therefore nothing to do with the vessel and its arrangementa It seem^s 
improbable that hired transports will be much if at all used in future, and 
therefore it is not necessary to go into the details given in tho former editions 
of this work. 

Ill case there should be any service of the kind, the Queen's Regulations 
(section xxil, Duties on Hoard Shij)) and the Medical Regulations (part iv. 
section v.) have to be carried out. 

SECTION II. 

TRANSPORTS FOR SICK TROOPS. 

No specific regidations are laid down with respect to these hired ships, but 
it would be very desirable to have some set rules with respect to space, diet, 
and fittings. Invalids are now carried from India and the Colonies in Govern- 
ment transports ; occasionally liired transports aio used. At piesent the diet 
of invalids on board the hired transports is not good. In rtispect of fittings, 
the use of swinging cots for feeble men, and well-arranged closets for dysenteric 
cases, arc veiy important. So also with the cooking ; the coarse ship cooking 
is a great triiil to many patients. If there is need of (iovernment transports 
'for healthy men, the necessity is stiR grefiter for sick men. 

As far as. possible, the sick shoidd bo treated on deck in fine weather, a 
good awning and a comfortable part of the deck being appropriated to them, 
i believe that it Avould be? a good plan not to send home officers and sick men 
in the sanuj shi]?, but to have officers' ships, so as to give up the poop to the 
iiKiii in the sliips wliich carried them. This division will be a gain to both. 

In time of war, sick transports are largely used to cany troops to hospitals 
in rear. For this purpose good roomy steamers must be chosm. For economy's 
sake, they will geineraUy be large, and probably with two decks ; they should 
never have more, and imhHid a single deck is l3etter. But if with two decks, 
eiich space should be separately ventilated by tubes, so as, as far as possible, 
to prevent passtige of foul air from the lower to the upper deck. AU the worst 
cjises sliouhl bo on the upper deck, especially surgical cases. 

The decks of these vessels should be as clear as possible, so tliat men can bo 
treated on deck. An apparatus should be arranged for hoisting men on deck 
from below. 

It has been proposed to fit the^ ships with jron bedsteads, and no doubt 
tliis gives the men more space ; but a better plan still would probably bo to 
have short iron rods, to which every cot could be suspended. The sick men 
might be carried in their cots on board, and again removed. If the rods are 
made about 14 inches high, and bent in at the top so as to form a hook, a cot 
is hung easily, and will swing. There is space enough below to put a close- 
stool or pan under the man without stirring him, if a flap is left open in tho 
canvas, and a hole left in the thin mattress. 

Fixed berths are not so good, but some must be provided. Some cots can 
swing from the top, and some men can be in hammocks. Probably every sick 
transport should have all these, viz., iron bedsteads at some points lastehedto 
t 2x ' 
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the deck, iron standards for swinging cots, cots swinging from the roof, low 
"berths, and hammocks. 

In these sick transports the kits and clothes must he stowed away ; and as 
they are often very dirty and offensive, and sometimes carry tlic poison of 
typhus and other diseases, the pLice where tliey arc put should he constantly 
fumigated with nitrous and sulphurous acid alternately. Kohert Jackson 
mentions that dirty clothes and bedding may be soon washed sweet by mix- 
ing oatmeal 'witli salt water. 

Directly a sick transport has landed the sick, the whole place should be 
thoroughly washed and scraped, then the walls and ceiling should be lime- 
washed, and the between-decks constantly fumigated till the very moment 
when fresh sick embark. 

SECTION III. 

HOSPITAL SHIPS. 

These are ships intended for the recc 2 )tion and treatment of the sick, — float- 
ing hospitals, in short Whenever operations are undertaken along a seaboard, 
and especially when a force is moving, and phices for fixed hospitals cannot 
be assigned, they are indis 2 )ensable. They at once relieve the army from a 
very heavy encumbrance, and, by the prompt attendance whicdi can be given 
t«) the sick, save many lives. They should alvrays be organised at the com- 
mencement of a cam])aiga In the late Abyssinian war three hospital shi 2 >s 
were used. Their fitting out Wiis carefully superintended by l)<iputy-Lis 2 )ector- 
General Dr Glassy, and a2^2^^^^^‘^ answered admirably. A full account of 

one of these ships Queen of the South ”) was given hy the late Staff-Surgeon 
(fliarteris, to wliicdi nderence may be nmde. The ventilation, as showji by 
the amount of carbonic acid (*708 per 1000 volumes) was very gooil.* The' 
su 2 )erflcial b(it^veon decks 2 >er man on the night of the .expei’iment 
154 feet, and the cubic space no less than 1076. Diiriiig the Ashanti war 
(1873-4) the line of l)attle ship Victor Emanuel was used as an lios 2 )ital 
slii23, and was most successful A very full and detailed account of it is given 
by Surgeon-Major T. M. Bleckley, C.B.,in medical charge (see Army Medical 
Eeports, voL xv. p. 260.) The floor space imi head was generally about 50 
square feet, and the cubic space about 480, although it wtis originally inttmded 
to he less. 

However convenient, and indeed necessary, they are, it must bo clearly 
understood that tlicy are not equal to an hospital on shore. It is im2JOssiblo 
to ventilate and clean them thoroughly. The space is small ])etweeii decks. 
The wood gets im 2 )regiiated with effluvia, and even sometimes the bilge is 
contaminated. I have been informed by Dr Beclier, late pathologist in 
China, that even in the very best of the hos 2 )itjils used there, it was quite 
clear that in every wound there was evidenc(i of a slight gangrenous tendency. 
In fact, it is perhtips impossible to prevent this, ejccopt by the most vigorous 
antiseptic treatment. 

The principle of se 2 )aration should be carried out in these ships — one ship 
for wounded men, another for fevers, a third for mixed cfises ; or if this 
cannot ho done, se 2 )arate decks should bo assigned for wounded men and fever 
cases. In fine weather the sick should be treated on deck under awnings. 
The between-decks must be thoroughly ventilated, and all measures of 
fumigation, frequent lime washing, &c., must be constantly employed. 
Charcoal, also, in substiince sliould bo largely used, and is, in fact, quite 

* I have tQ4.haiik Dr Woodward for allowing me to read his excellent Report on the Hospital 

ship ** Mauritius/* wliich was also employed iu Abyssinia. « 
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indispensable. Warming by stoves mus^ bo used in damp and cold weather, 
and, if so, advantage should be taken of this souice of heat, and of all lights, 
to improve ventilation. 

Ships of one deck are better than two ; but as they will hold a very small 
number of sick, two decks are commonly used. But not more tlian two 
docks should be used ; and if there be a third or orlop deck, it sliould be 
k(i])t for stores. Sometimes, if there are two decks, the upper deck is used 
for oflicers and the lower for troops, but the reverse arrangement should be 
adopted. 

The ventilation of the betwecn-decks, in addition to Eilmond's plan, should 
be Ccirried on by tubes, which, if the central shaft is acting, will be all inlets, 
and can bo so arranged as to cause good distribution of the air. 

The fittings of an hospital ship should be as few and simple as possible, 
and invariably of iroiL Tables should be small, and on thin iron legs. 
Swinging cots (as notitied in the former section) are indispensahle for wounded 
men, and the appliances for tlio receiving and removing the excreta of 
dysenteric and febrile patients must be carefully attended to. Berths should 
not be of wood, but of iron bars, which are much more easily laid bare and 
cleaned. 

The supply of distilled drinking water should be as large as possible, and 
a good distilling apparatus should be on board, whether the. vessel bo a 
stciimer or not. 

Tlie laundry arrangements are most important, and I believe it woiiM be a 
good plan, on a largo expedition, to have a small ship converted entii’ely into 
a laundry. It would not only wash for the sick, but for the healthy men 
also. So also a separate ship for a bakery is an important point, so as to 
have no baking on boar<l the liospital ship. 

On board the hospital slxip there should be constant fumigation ; lime- 
wasliing, Mdieiuiver any part of the hosjntal can be cleaned for a day or two, 
and, in fact, every other precaution taken which can be thought of to make 
llie. Iloating hospital equally clean, dry, well aerated and pure, as an liospital 
on shore. 

On board hospital ships it is often easy to arrange for stia-bathing and 
douching ; it should never be forgotten what impoi-tant curative ineiins these 
ar(j. 

In case pya3inia and erysipelas, or hospital gangrene occur, the cases must 
bo treateil on deck, no matter how bad the weather may be. Good awnings 
to protect from wind and rain can be put up. 

If cows or goats are kept on board to supply milk, their stalls must be kept 
thoroughly cleaned. But generally it is better to obtain milk from the shora. 
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WAR. 


Thk trade of the soldier is war. Por war he is selected, maintained, and 
taught. As a force at the command of a government, the army is also an 
agent for maintaining public order ; but this is a minor object, and only 
occasionally called for, when the civil power is incompetent. 

In theory, an army should bo so trained for war as to be ready to take the 
field at literally a moment’s notice. The various jmrts composing it should 
be so oi^anised that, almost as quickly as tlie telegram flics, they can bo 
brought together at any point, prompt to commence those combined actions 
by which a body of men are moved, fed, clothed, kept supplied with muni- 
tions of war, maintained in health, or cured if sick, and ready to undertake 
all the engineering, mechanical, and strategical and tactical movements which 
constitute the art of war. 

That an organisation so perfect shall bo carried out, it is neccissary that all 
its parts shall be equally eificient ; if one fails, the whole machine brtwiks 
down. The strength of a chain is the strength of its weakest link, and this 
may be said 'with equal truth of an army. Commissariat, transport, medical, 
and engineering aj)pliances are Jis essential as tlio arts of tactics and strateg3^ 
It is a narrcjw and a dangerous view whicli sees in war merely the movements 
of the soldi(ir, without recognising the loss seen agencies which insure that 
the soldier shall be armed, fed, clothed, healthy, and vigorous. 

During peace the soldier is trained for war. What is meant hy training 
for 'war ? ^ot merely that the soldier shall he tauglit to use his weapons 
with ellect, and to act his part in that machine, where something of me(‘Jianical 
accuracy is imprinted on liuman beings, but that he shall also know how to 
meet and individually cope with the various conditions of war, which differ 
so much from those of peace. 

It is in the. nature of war to reinduce a sort of barbarism. The arts and 
appliances of peact^, wliicli tend, almost without our care, to sladter, and 
clothe, and feed us, disappear. Tlie man reverts in part to his pristine con- 
dition, and often must minister as he best may to his own wants. iS’o doubt 
the State will aid liim in tliis ; but it is impossible to do so as complehdy as 
in peace. Often, indeed, an army in war has maintained itsrdf in completti 
independence of its base of sujiplies, and in almost every campaign there is 
more or less of this independence of action. 

In peace, the soldier, as far as clotliing, fw'Aing, shelter, and cleanliness are 
concerned, is almost rtAuced to the condition of a passive agent. Everything 
is done for him, and all the appliances of science are brought into play to save 
labour and to lessen cost. Is this the proper plan ? Looking to the condi- 
tions of war, ought not a soldier to be considered in the light of an emigrant, 
who may suddenly be called upon to quit the appliances of civilised life, and 
who must depend on himself and his own powers for the means of comfort, 
and even subsistence ? 

^ There is a gonoral impression that the English soldier, when placed in 
unaccutffcomed circumstances, can do nothing for himself, and is helpless. If 
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SO, it is not the fault of the man, but of the system, which reduces him to 
such a state. That*it is not the fault of the man is shown by the fact that, 
however helpless the English soldier may appear to be in the first campaign, 
he subsequently becomes as clever in providing for himself as any man. The 
Crimean war did not perha[)s last long enough to show this, but the Peninsular 
war proved it. The soldier there learned to cook, to house himself, to shelter 
liimself from the weather when he had no house, to keep himself clean, and 
to mend and make liis clotlies. Was it not the power of doing these things, 
as well as the mere knowledge of movements and arms, which made the 
Duke of AVellington say that his army could go anywhere and do anything? 
And the wars at the Cape and in New Zealand have shown that the present 
race of soldiei*s, when removed from the appliances of civilised life, have not 
lost this power of adaptation. 

The English soldier is not helpless ; he is simply untrained in these things, 
and so long as ho is untrained, however perfect he may be in drill and 
manoeuvre, ho is not fit for war. The campaign itself should not be his 
tutor; it must bo in the mimic campaigns of peace, in which the stern 
realities of war are imitated, that the soldier must be trained. Our juesent 
field-days represent the very acme and culminating point of war, — the few 
bright moments when the long marches and the wearisome guards are rewarded 
by tlie vdld excitement of battle ; but the more common comlitions of the 
campaign ought also to find their parallel Since the Crimean war, much 
has been done to instruct the soldier in the minor arts of war. The establish- 
ment of camps has to some extent familiarised him with tent life ; the flying 
columns wliicdi go out from Aldershot show him something of the life of the 
bivouac, and the tmining in cooking wliich Lord Herbert ordered is teaching 
him how to prepare his food. The Autumn Manauivros have extcmled this 
system, and are now making him familiar with the cliief conditions of the life 
in campaigns. 

A campaign can never bo successful unless the men are healthy. How are 
men to he trained so as to start in a cani])aign in a heidthy condition, and to 
be able to bear the manifold trials of war ? The answer may he given under 
three heads — 

1. Preparation for war during peace. 

2. Entry on war. 

3. Actual service in war, 

SECTION L 

PREPABATION FOR WAR DURING PEACE. 

The various conditions of war, which are different from those of peace, 
are — 

1. Exposure to the Weather , — It is a constant observation that men who 
have led out-door lives are far more healthy in war than men whose occu 2 )a- 
tions have kept them in houses. The soldier's life should be, thei*efore, an 
out-door one. This can only be done properly by keeping him in tents during 
the summer. It would be well, in fact, to tent the whole army from the 
middle of May to the end of September every year. The expense should be 
looked on as a necessary part of the military estahlisliments. Wooden huts 
are too like ordinary barracks. As the soldier has often to sleep out in war, 
ho should be accustomed to this also in peace — warm summer nights being 
first selected to train him. It will soon be found that he will very soon 
acquire the power of resfetance to cold. This plan will also tesi the utility 
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his clotlios.* It hi\s been found by experiment that, by careful training, 
even delicate persons can bear sleeping out at night, ev^n in tolerably cold 
weather, without injury, provided there be no rain. At the latter end of the 
summtir, it would bo well to expose the men even to rainy nigdits, their clothes 
being adapted for this, by the supjdy of wateri)roofs ; and in the very useful 
Autumn Manoeuvres this plan might be tried witli advantage. 

At the same time, it is important to have the men raised off the ground, 
both when in tent and lying in the open air, in all countries whei’e tluj gi'ourid 
may be moist, or cools rapidly during the night. A veiy useful field 
hammock lias been invented by Captfiin M‘Quire ; it consists of a strong 
woodlen material, whi(*h is susj)ended on two sticks by means of guide-ropes. 
It makes a comfortable bed, aiul ke(‘ps the l)ody very waim. 

It may he thought that training of this kind is needless, anol that it may 
be left to the campaign to accustom the men to exposure, hut this is not the 
ease ; a number of men are rendered inoflicient at the commencement of a 
campaign simply by the nnacenstomed exposure. 

2. Tent and Camp Life .\ — The pitching, striking, and cleansing of tents 
(see page 558) ; the digging trenches round the tents, and providing for 
general surface drainage; the arningenumt of tlie interior of the tent, Ac., 
should all be carefiill}'' taught. So also the camp life of the campaign should 
he closely imitated, and the rules of conservancy most strictly earned out as 
a means simply of teaching what will he of such importance in war.J 

3. Cooking of Food . — No doubt, in fiitiiro wai-s, all goveniments will 
ende^avour to supply prepared and cooked food (see ])age 271), so as to lo.ss(?n 
the cost of transport and the labour of the solduu*. Jhit as this cannot always 
be depended upon, the soldier must bo trained to cook his ordinary rations. 
This should not be done for him ; ho ought to do it himself merely with the 
appliances ho would have in war, viz., his camp-kettle, canteen, and tin 
jiLite. 

At the commencement of a camj)aign many men lose liesh and strength, or 
suffer from diarrh(ea, from the food being badly eookcid and indigestible. 

In the Peninsular war the men became admb*ablo cooks. At fii-st very 
large camp-kettles, intended for half a company, were used, and were can*ied 
on horses. They did not answer, and the men left them behind. After- 
wards smaller cam|>kettles were supplied, one for each iiiess of six or eight. 
Luscomhe mentions that the supply of salt was found to he a veiy impcu'tant 
point ; he says, he had no idea of the value of this condiment till he saw the 
way in wliich the men saved every little particle; without it, in fact, animal 
and even vegetable food is unsavoury. 

In the Prench army on ser^dce 8 or 10 men form a corporals detachment, or 
‘‘escouade.” They have between them one kettle and cover (inarmife^ 
weight 1-7 kilog.), one large bowl (grande gamelle, weight 1 kilog.), and one 
large drinking vessel (grand hidon, weight 1-5 kih^g.) Each man has for his 
personal use a small bowl {petite garnelle), and a small drinking vessel {petit 
bidon). They are all of tinned iron. All tliese vessels are cfirried by the 
men, the larger vessels being taken in turn by the men of the mess. 

* Til reference to what was said (p. 577) of the great importance of a IiocmI to the greatcoat 
for men who sleep out at night, an old observation of Donald Monro is of interest. He states 
that in 1760 the greater health enjoyed by the Austrian Hussars over the other troops was owing 
to the half-boots, and the large cloaks with hoods carried by these men . — On the Means of Pre- 
serving the Health of the Army (2d edit. 1780, p. 7). 

+ I may refer here for fuller details to some excellent treatises on Camps published in 
Grermany and Russia, especially by Dr Roth (Das Zeltlager auf der Lockstadtor Heide in 
Holstein, 1866), and by Dr Heytelder (Das Lager auf der Ivrasnoe-Selo, 1868.) 

± Reference hac alreaily been made to the very useful Koldier’a Pocket Book, by Sir Ganaet 
Wolse]ey,Miich gives full details on all these points. 
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It may he concluded with regard to this very important matter of cooking 
utensils, that a maik sliould have a small but very strong canteen, made of 
unsoldered tin, and with a good deep lid, with a liandlo which may serve as 
a fiying-pan or second vessel, as well as a cover. The shape of the canteen 
should be long and flat, and not deeper than is necessary for cooking, so 
that it may be easily carried. Then all the other vessels, the camp-kettles 
for each mess, and tlie largo water vcxssels, should bo carried for th(5 men. 
They should be made of thin steel, which is very light for its strength, very 
dundde, and is not acted on by tjie food. 

The diirereiit kinds of camp cooking to be taught are stewing, boiling, and 
making soup, making tea and coffee, cooking preserved vegetables, making 
cakes of flour, and oatmeal porridge. 

Rtiferenco has already been made to the great importance of not keeping 
men tf)o long without food. By a little arrangement men can always carry 
food, and tlic proper organisation of supplies and regimental transport would 
always enahle a commanding-oflicer to have some food for his men. In 
almost all marclics, with large bodies of men, and in many actions, tlujre are 
long periods of inaction during whicli men could eat food which had been 
already cooked. Tlie effect of this upon their strengtli, endurance, and even 
courage, is mmarkable. Some instances liave been itilated to me by offleers 
in which faihnxis resulted entirely from the exhaustion of the men produced 
by want of food. Surely it is useless to supply ammunition for gujis if the 
men who are to work liavc no sui)ply of force issued also to them. 

4. Water Snppli /* — ^^Vs impure water is a gieat cause of sickness in war, the 
soldier should be taught liow to recognise impurity, and liow to use the simple 
methods of purification witli charcoal, alum, tea, boiling, &c. (See chapter 
oil Watki^) 

5. MeMdituj Clnfhes . — Every soldier carries a hold-all^ but many cannot 
use it properly. It may be suggested whether, in the workshops which are 
now being cstablislied, it would not be well to let every reemit liave a 
inontli's practice in repairing clotlies, and especially hoots ; simple plans of 
repair being select(;d if it be possible. 

6. Cleanlme^s , — In war a source of disease is the want of cleanliness. 
Veiy soon the person and clotlies get covered with lice ; aU the garments, 
outer as well as under, get impregnated with sweat, and become very flltliy. 
The best generals have always been very careful on this point, and have had 
fi'equent w^iishing parades. As washing clothes is regally an art, the soldier 
should he hiuglit to do it, not by niacliinery, but in the rude fasliion ho must 
practise during war. Clothes can he partially cleaned by drying and beating. 

Tlie liair should he cut short. In the absence of water for washing, the 
host pliin is the small-tooth comb, to keep the hair free from vennin, and it 
may be a quoxstion whether one should not be supi)licd to every soldier. 

Washing the whole body in cold water, whenever it can he done, is not 
only bracing and invigorating, but strengthens it against vicissitudes of 
weather, and against dysentery.* ^ 

SECTIOlSr IL 
ENTRY ON WAR. 

'When actual war commences some further steps become necessary. 

All experience shows tliat men under twenty or tweny-one years of age 


* Upth Donald Monro and Lind notice tliis. 
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cannot bear the fatigues of war.* If possible, then, all men below twenty- 
one, or at any rate below twenty, should be held back from tlie campaign, and 
foimed into depots, whence they may be dmughted for active service on occa- 
sion. Of course every means should be taken during their service at the 
depots to strengthen and harden theuL 

All weakly men should also be held back, and every man thus retained 
should come under the surgeon's superintendence, not in hospital, but wliile 
doing liis duty. 

The men who are about to enter on the campaign should Jit once commence 
a more severe training. If there be time to do it, this should bo carried to 
an extent even greater than will bo demandtid in war, in the manner of the 
Romans, who trained their soldiers so severely in peace that war was a relief. 
Footsoreness is very common at the commencement of a campaign, and often 
gives great trouble (see page 601). 

Certain changes in the food of the men should be made. 

The exertions of war, boclily and mental, are often very groat, and demand 
an increased quantity of food, especially in the nitrogonous and fatty elements ; 
an inci-eased amount of meat and bread, with the addition of fat bacon, cheese, 
and peas or beans, sliould be given, so as to biing the daily aiiioimt of nitrogen 
to 375 to 400 grains, and of carbon to 5000 grains ilaily (see page 5G2). 
During the war every eiroil; should be made to get bread and flour supplied in 
lieu of biscuit, and to supply red wine (page 307). As one of the perils of 
war is the occun*ence of sc.urvy, the sup]>ly of fresh vegetiiblos should he in- 
creased j if these at all fail during the campaign, the preserved vegetables 
must be issued, and the other precautions taken (see j)ago 496). Considering 
the benefit apparently derived in Captain Cook’s voyages from wort made 
from malt, it might be worth while to try the effect of introducing this as a 
bevemge ; it can be readily made. 

Donald Monro mentions that at Bremen, in 1762, when no vc^getables 
could bo got, and fresh meat was dear, and scurvy broke out, infusion of 
horse-radish was found to be useful. Spruce beer was also used. 

SECTION III. 

ACTUAL WAR.t 

Experience has showed in hundreds of campaigns that there is a large 
amount of sickness. The almost universality of this proves tliat, with every 
care, the conditions of war are unfavourable to healtli. The strenuous exer- 
tions, the broken rest, the exposure to cold and wet, the scanty, ill-cooked, or 
unwholesome food, the bad water, and the foul and overcrowded camps and 
tents, account for the amount of disease. 

* The examples are numerous, but the following are often quoted. In 1805 the French army 
broke up at Boulogne, and marched 4(X) lc£^;ues (French) to fight at Austerlitz ; the youngest 
soldier was twenty-two years old ; they left scarcely any sick or wounded en route. In 1809 
the French marched from the German provinces to Vienna j not half the army were aged twenty 
years ; the hospitals were filled with sick. In 1813 and 1814 the despatches of Napoleon are 
filled with complaints cf the “ boys’* who were sent him, and who died in multitudes by the 
road side and in the hospitals. 

f Sani^rTy Rides of the Rmnans duririg War, * 

Vegetius {De Ra Militari, lib. iii. cap. *A) says the Homans took erreat care that the men 
should be well supplied with good water, good provisions, firewood, sufficient quantity of wine, 
vinegar, and salt. They endeavoured to keep their armies in good health by due attention — 

1. To yituation ; avoiding marshes and d:^ uncovered gi’ound in summer ; in having tents, 
frequently changing camps in summer and autumn. 

2. To the Water ; for bad water was considered to be very productive of diseases. 

8. To the Seasons ; not exposing men to heat. In winter, taking particular care that the 
nutfi never were iif want of firewood or of clothing. t 
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Tlie amount of illness varies with the nature of the campaign and the genius 
of the comman<ler. • 

If the records can he trusted, it would seem that the English have been 
more unhealthy than the French in their wars, but there is no great trust to 
be placed in war statistics. In the Peninsula the mean daily number of sick 
was never below 12 per cent., except for a short time, in the lines of Torres 
Vedras, when it fell to 9 or 10. Sometimes it amounted to 15, 20, or 25 per 
cent. In the Crimea the inunense sickness of the first winter is but too well 
remembered. 

Army Medical Regulations, 

Before an army takes the field, the Director-General may appoint a medical 
officer to act as Field-Insjiector under the principal medical officer, but not to 
act as sanitary officer. The Director-General prepares lists of all medicines, 
stores, <fec. The amount of transj)ort and of stores is laid down. 

Before an army takes the field the Director-General, on requii-ement by the 
War Office, gives an account of everything in the j^roposed scene of operations 
which may affect the health of the men. He appoints a sanitary officer to bo 
attached to the Quartermaster-General’s department. He issues instructions 
to the principal medical officer and sanitary otiicer on all matters connected 
with rations, clothing, shelter, precautions for preventing disease, <fec. 

Tlie sanitary officer in8j)ects all proposed encamping ground, quarters, &c., 
and supervises the sanitary arrangements of aU cam])s, towns, hospitals, &c. 
Tfie principal medical officer advises the Commander of the Forces on all 
matters affecting hejilth, such as rations, shelter, clothing, &c., and may, with 
the sanction of the Commander of the Forces, issue instructions on such 
matters to the medical officers. 

Tlie sanitary officer inspects tlie camp daily ; accompanies the Quartermaster- 
General on the march, and gives his advice on all sanitary points. He is sup- 
plied with information to aid liim in his work from all principal medical 
offic(}rs of general hospitals, divisions, and brigades in the field. He transmits 
a weekly sanitary report to the principal medical officer. 

Causes of Bkhness and MmdaUty in War. 

The chief causes of sickness and mortality in the English army have been 
in order of fatality — 

1. Diseases arising from improper and insufficient food, viz., general 
fciobloness and increased liability to malarious fevers, dysentery, diarrhoea, 
&C., and production of scurvy and scorbutic dysentery. 

2. Malarious disease from unhealthy sites. 

3. Catarrhs, bronchitis, pleurisy, pneumonia, rheumatism, dysentery (?), 
];)roduced by inclemencies of weather. 

4. To Food and Medicine ; the officers saw that the men had their regular meals, and were 
well looked after by the commissariat. 

6. To Exercise ; by keeping the troops during the day-time in constant exercise ; in dry 
weather in the open air ; in time of rain or snow under cover ; for exercise was believed to do 
a ^eat deal more for the preservation of health than the art of physic. 

I’he Prajfectus-Castrorum (Quartermaster-General), an officer of high rank in the Roman 
army, looked after the sick, and provided everything required by the surgeons. Both Livy and 
Tacitus mention that the commanding officers used to visit the sick and wounded soldiers, to 
inquire if they were well taken care of. The peat health of the Roman soldiers was evidently 
owing to their great temperance ; their excellent warm tents made of hides ; their carefully 
kept camps ; the warm war dress or sagum, and their constant exercise. 

Hales of the The only notice, I believe, of the means by which Alexander the 

Great preserved so wonderfully the health of his small army, is a statement that he fi-eqiiently 
changed his encamping pounds (Quintus Curtius, lib. v. 32). This great soldier must certainly 
have been acquainted with the*rt of Hygiene. » a ** 
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4. Spotted typhus, kept up and spread (if not produced) by overcrowding 

and uncleaiiliness. * • 

5. Contagious dysentery, arising from foul camps and latrines. 

6. Typhoid and perliaps otluu* fevei*s, produced by foul camps. 

7. Exhaustion and debility, j>roducod by excessive fatigue — a very great 
predisposing cause of almost all otlicr diseases. 

8. Cholei-a, in India especially, and in Turkey. 

9. Yellow fever in the West Indian campaigns. 

10. Plague in Egypt. 

11. The exanthemata occasionally. 

12. Ophtlialmiiu 

13. Venereal diseases. 

Of those diseases the most fatal have been scorbutic dysentery and typhus. 

It is indeed curious to see how invariably in all wars the scorbutic hiint 
occurs, and frequently in how early a period of the campaign it can be 
detected There filmost seems to b(i something in the fatigues and anxieties 
of 'war which assists its development. It frociuently complicates eveiy otluir 
disease, impi'esses on them a peculiar character, and renders tliem very 
intractable to treatment. This is tlio case with dysentery, typhoid fever, 
malarious fever, and spotted typhus. With the last disease, esj)ecially, it l)as 
intimate relations, and contributes apparently to its propagation by rendering 
the frame more easily attacked by the specific i)oison. 

One of tlio most important preventive measures to he adopted in ww is the 
j)rophylactic^ trtjatiiient of scurvy. Put with a full knowledge of this, the 
disease cannot always he avoided. The Federal Americans were fully aware 
of tlie neccassity of combating it, and made immense efforts to do so. 'I'Jiey 
did not succeed, and so marked and so general was tlie scjorhutic taint in their 
army, that its combinations with typhoid fever and malaria have been looked • 
upon an new dise.ases. 

If scurvy could he prevented, every other war disease would he compara- 
tiv(3ly drifting. Inflammations from exposure, exhaustion from fatigue, and 
gastro-intestinal affections from improper food and atmospheric vicissitudes, 
would still occur ; hut tlie ravages of typhus, typhoid fever, malaria, and 
dysentery, would be trifling an<l easily jireventecL 

To prevent scurvy, then, is one of the most important measures. 

If scurvy be absent, typhus fever is readily treated ; isolation and the 
freest ;ventilation are certain to stop it. The only great danger would he in 
a besieg(:d and crowded fortress. In such a pLxce it may be hcjyond control, 
but early recognition and prompt isolation, as far as it can be done, and as 
free ventilation as jiossihle, may perhaps stop it. It is in such cases tliat we 
should freely use the nitrous acid fumes and other disinfectant vajjours. 

Enteric (typhoid) fever and contagious dysentery, in the siime way, ought 
wdth certainty to be prevented iri a camp. The first case, even, should make 
us take urgent measures for the cleansing of latrines, or, better still, the 
closing of all the old and the ojioning of fresh onea But tlie best plan of all 
is to shift the encamping ground, and we should remember the old Koman 
maxim, based doubtless on observation of tyj)hoid fevers, that this must bo 
done more often in the autumn. 

The exanthemata, measles, and scarlet fever, sometimes spread largely 
through an army ; the only plan is to separate aU cases, and send them one 
day's march on the flank of the army, if it can be done, not in the direction 
of the line of supplies. 

Plague probably demands the same measures as typhus. 

• The^easflres for cholera have been already sufficiently noted. 
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Tlio diseases of exposure can be hardly avoided, but maybe lessened by 
wanu clotlies and Wiicrproof outer coveiings. Flannel should bo used next 
the skin all over the trunk and extremities, and is indispensable. One of the 
most important means to enable troops to stand inclemencies of weather, ami 
indeed all fatigues, is hot food. Coffee and tea are the best, and hot s[>irits 
and water, though useful as an occasional measure, are much inferior, if i ndeed 
they do any good at all apart from the warmth. But the supply of hot food 
in war slioidd be carefully attended to, especklly in the Ciise of breakfast, 
after which men will undergo without harm great exposure and fatigue. 

It is unnecessary to enter at greater length into the measures to prevent thfj 
diseases of war, for the proper plans have been all enumerated previously. 
Wc may conclude only that much can be done to prevent disease, but wo 
must also remember that the coui*so of campaigns sometimes is too violent and 
overpowciing for our efforts, and that wars, like revolutions, will never be 
made Aviih rose water. 

Ilecapitulatimi of the Deities of a Sanitary Officer during War, 

To go forward with the officers of the quartermaster’s department, to choose 
the camping ground ; arrange for surface drainage ; if necessarily in a 
malarious i)laco, make use of ail obstacles, as liills, ti'ces, &c., to throw off the 
malaria from tlie tents ; pkee the tents with the openings fron the malarious 
quai'ter. If possible, never take low hills (100 to 250 feet) above marshy 
plains. Arrange for the water supply, and for the serAuce of the men, animals, 
and washing. As soon as possible fix the sites for the latrines ; liavo them 
dug out, and make dry paths to them. As soon as the tents are pitched, 
visit the whole (?amp, and see that the external ventilation is not blocked in 
any way, and that the tents are as far off each other as can be pennitted. 

* Assign their work to the scavengers, and mark out the places of deposit for 
refuse. T]ie daily insj.)ection should include all these points, as well as the 
inspection of the foo<l and cooking and of the slaughter-houses. If the caiiqj 
be a large one, a certain portion should be select()d every day for the careful 
inspection of the individual tents, but it should be made in no certain order, 
that the men may not prepare specially for the iirspection. 

A set of rules should be dra^vn up for the men, j)oiutmg out the necessity 
of vcmtilation, clwinlimjss of their persons, tents, and gi*ound around thciin, 
and ordering the measui*es which arc to be adojjted. This will have to be pro- 
midgated by the geiieml in command. 

In the daily work, a certain order and routine should bo followed, so that 
nothing shall be overlooked. 

The sanitaiy officer of a large camp can never perform his duties without 
the most unremitting support from the regimental medical officers, who are 
the sanitary officers of their regiments. Not only must they inspect their own 
regimental canips, but by an immediate report to the sanitary offictu* of any 
disease Avhich can i)ossil)ly bo tniced to some canq) impurity, they should 
render it ])ossiblo for the commencing evil, of whatever kind, to be detected 
and checked. 

As early as possible every morning the number of men reported sick from 
each regiment should be made known, and a calcuhition matle of sick to 
strength, and then, if any regiment showed any excess of sick, the sanitary 
state of its camp should be specially and thorouglily investigated. 

* HofsjpitaU in War.^ 

With an array in the field, hospitals are of several kinds. 

* Sir James M‘Grigor, in tllb Peninsula, established divisional hospitals in fronts and* corf- 
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1. The principal General- Hospital at the base of operations. 

2. The Intermediate Hospitals, divided into — * 

(L The Field Hospitals stationed at the base or on the line of communi- 
cation. 

h. The Field Hospitals proper, which move with the corps, and include 
the dresmitj stations and reginmital stations. 

The old Regimental llosjyital is now definitively abolished, but medical and 
surgical assistance is provided by a medical officer with one or two attendants, 
accompanied by bearers, with stretchers when required, as in action in the field. 
The sick are treated in the field hospitals fimt, and then passed on to the in- 
termediate hospitals in rear, which are again evacuated, as occasion n'.quires, 
by transfer of patients to the principal general hospital at the base. This last 
wdll be in a convenient station on the frontier, or, in ciise of an insular nation 
like oui'selves, on some sca-cojist easily accessible. It is from it that men will 
ultimately be invalided home if unfit for further service. 

For each army corps (of nominally 36,000 men) 25 field hospitals are 
appointed, — 12 to move wdth the corps, and 13 to be stationed at the base and 
along the lines of communication,**^ — each is equipped for 200 sick, and may 
bo divided into half hospitals for 100 each, if neccissary. Slight cases would 
be treiited in the field hospitals, but all cases likely to hike any time should 
be sent to the rear of operations as soon as possible. Cases of fever (typhus 
and typhoid) ought to be removed fis soon as possible far from the field force. 
It is of great importance that they should not be i)ut near surgical cases, which 
ought to be kept separate, or mixed only witli non-communicable diseases. 
Tlus (the separation of fever from surgical cases) wfis a Peninsular rule of Sir 
James iPG rigor, and should never be forgotten. Ophtlialinic cases ought also 
to be isolated. 

The Jiosi)itals in rear may bo at some distance, but connected either with a 
railway or by water carriage. It is of gi*eat importance to keep continually 
sending patients from the division and general hospitals with the army to the 
hospitals in rear. It is not only to keep the hospitals in front empty for 
emergencies, and to facilitate all movements of the army, l)iit it lias a great 
effect on the army itself. A great hospital full of sick is a disheartening 
spectacle, and often damps the spirits of the bravest men. The wdiole anny 
is higher in hope and spirits when the sick are removed, as was shown re- 
markalily by the Austrian experience of 1859. The sick themselves are 
greatly benefited by tl^e removal ; the change of scene, of air, of ideas, has 
itself a marvellous effect, and this is another great reason for constantly 
evacuating the sick from the hospitals in front. 

The men who are reported for hospital in war must be divided into several 
classes — 

1. Slightly wounded should be treated in the field or intermediate 
hospitals, and then return to duty. 

2. Severtdy wounded at first in the field hospitals, then sent to the 
intermediate hospital, and then to the rear, as convalescence is always 
long. 

vale.scent lioapitals in tlie rear, where the men were received en route to the depOt. Although 
he does not describe liis system fully in his paper in the Medico-Chirurgical Transactions (vol. 
vi.), it is evident from his Aiitobiograjjhy that his constant practice was to send off the sick as 
soon as possible. This is shown by his narrative of the retreat from Burgos, when saved 
Lord Wellington from the mortification of abandoning his sick and wounded to the enemy. My 
colleague, Professor Longrn ore, in his most instructive work on Transjjort, has detailed at length 
the means of transport of the sick and wounded, and other important matters of the kind. 

, • J’or full dek.il8 of the new Hospital organisation in the field, see Professor Longniore's 
^ work, Qftfthot Injuries, (1877) sect. ix. chap. 1, 
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3. Slight colds, diarrhoea, &c., treated in the field hospitals. 

4. Severer colds, bronchitis, pleurisy, pneumonia, dysentery, &c., should 
be sent at once to the intermediate hospital, and then to the rear as soon as 
they can move with safety. 

5. Typhus fever at once to the hospitals in rear, if possible without entering 
the field hospitals. 

6. Typhoid cases, also, should be sent to the rear, and, in fact, all severe 
cases. The field hospitals should be always almost empty, and ready for 
emergencies. 

These hospitals in rear may be even two or three days’ journey off; if con- 
veyance be by water, or one or two days if by rail Sick and wounded men 
bear movement wonderfully well, with proper appliances, and are often indeed 
bcnefiteiL* * * § 

The proper position for these hospitals, at the base of operations, must be 
fixed by the commander of the forces at the commencement of the campaign, 
as he alone will know what point will be the base of supplies, and it is of 
importance to have these great hospitals near the large stores wdiich are 
collected for the campaign. 

It seems now quite clear that these hospitals sliould not be the ordinary 
buildings of the country adapted m hospitals. Such a measure seldom suc- 
ceeds, and the mere adaptation is expensive, though probably always imper- 
fect.! Churches shoidd never he taken, as they are not only cold, but often 
damp, and them are often exludations from vaults. 

The Frencjh, Austrian, and American cx])f5rieuce is in favour of having the 
hospitals in rear made of tents or wooden huts. The liuts arc perha])s the 
host, especially if the Avinter be cold. They were veiy largely used by the 
Federal Americans, who have enthely given up converting old buildings into 
hospitals. The best huts which Avere used in the liussian war of 1804-56 
Avere thosa emeted at Keiikioi from Mr BruneFs design ; each held fifty men 
in four rows. This plan, however, is not so good a one as ha\uijg only tAvo 
roAvs of beds. Hammond I sbites that in ilui American Avar the best size has 
been found to he a ward for fifty men Avith two roAvs of hods ; length of ward, 
175 feet ; Avidth, 25 ; height, 14 feet ; superficial area j)er man, 87 feet ; 
cubic spacje per man, 1200 feet. Ventilation Avas by the ridge, an opening 1() 
inches Avide, running the whole length, and by openings beioAA’', Avhich could 
bo more or less closed by sliding doors. Some of the American hospitals held 
from 2000 to 2800 be(ls.§ It is probable, hoAvever, that smjiller Avards (for 
25 nuin) would be better. 

An hospital constructed of such huts can he of any size, but there must be 
several kitchens and laundries if it he very large. If space permit, hoAveA-er, 
it seems desirable to have rather a collection of smaller hospitiiLs of 500 beds 
each, separated by half a mile of distance, than one large hospital. 

The armngoment of the huts must he made acconiing to the principles 
already laid down. Dr Hammond Avrites thus of these hospitals : — 

‘‘ It will, perhaps, not he out of place again to insist on the great 

* Ou this and other points of the like kind, see Report on Hygiene, in the Amiy Medical 
Report for 1862, pp. 349, 350. 

t Donald Monro says that, in 1769, the houses in Oemiany taken for the sick were improved 
hy taking away the stoves and putting in open fire-places. In the Peninsula, the Duke of 
Wellington appeared to have a dread of fever attacking the army. Luscombe tells us that the 
Duke 'asked the principal medical officer every day as to the appearance of fever. He also im- 
proved the hospitals by oiAlering open fire-places. (Luscombe, p, 6. ) 

t On Hygiene, p. 3o6. 

§ See Report on Hygiene, in the Army Medical Report for 1862, p. 345, et for a fuller 

description. • j>/v ** 
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advantages of these temporary field hospitals over those located in permanent 
buildings in to\vn8. Nothing is better for the sick and wounded, winter and 
summer, than a tent or a ridge-ventilated hut The experience gained during 
the pi*esent war establishes this j)oiiit beyond the possibility of a doubt 
Cases of erysipelas or of hospital gangrene occuiTing in the old buildings, 
which were at one time unavoidably used as hospitals, but which are now 
almost displaced for the ridge-vcntilaied pavilions, immediately commenced to 
get well as soon tis removed to the tents. But in one instance that has come 
to my knowledge has hospital gangrene originated in a wooden pavilion 
hospital, and in no instance, as far as I am aware, in a tent Hospital 
gangrene has been exceedingly rare in all our hospitals, but two or three 
hundred cases occurring among the many wounded, amounting to over 100,000 
of the loyal and rebel troops which have been treated in them. Again, 
wounds heal more rapidly in them, for the ro^ison that the full benefit of the 
fresh air and the light are obtained. Even in fiactures the beneficial effects 
are to bo remarked,” (“ On Hygiene,” p. 397.) 

Baron Larrcy, in his useful work,* describes the plans adopted by the French 
in the Italian war of 1859. At Constantinople, during the Crimean war, the 
French were apparently veiy well installed ; the best buildings in Constanti- 
nople were assigned to them, and they were arranged with all the accuracy of 
orgaiiLsation which distinguishes the French. The results were not, howev(3r, 
favoumble, especially in the spring of 1856, when typhus spreai.l through 
many of tlie hospitals, and caused great mortality, f Taught by this experi- 
ence, in the Italian war of 1859 the French distributed tlieir sick in small 
hos])itjds whenever they could find a building, and in this way the extension 
of the sjjecilic diseases was entirely stopped. 

In the great Franco- Prussian war of 1870-71, the Germans made great use 
of tem 2 >oi‘aiy hospitals, and distributed their sick and wounded over almost 
the whole of Geiinany. The j^lans were very similai* to those used in the 
Crimean and American wars. In some of the large cities, as at Berlin, 
immense hospitals, with railways and every appliance, were fitted up. The 
experience as regards hospital gangrene and orysijiclas was favourable, but 
there were many cases of pyaemia in some of these hospitals, f 

To sum up, the hygiene of field hospitals in war (the ndes are derived from 
our own Crimean experience, and that of the wars which have taken place 
since) is as follows ; — The field, including the intermediate, hospitals to 
be made of tents ; the tents being well constructed, of good size, thoroughly 
ventilated, the flaps bcjing able to bo raised so as almost, if desired, to mixko 
tlie tent into an awning. The most convenient and best are the liospital 
marquees of the now i3attcrn, except for their considerable weight. The 
new double circular tents wiU now be used in all probability : they are a 
great improvement on the old boU-tent, and lighter than the marquee. 
Each weighs 100 lb cby, and four patients are prut in a tent For operating 

; * Notice sur THygitoe des Hopitaiix Militaires, 1862. 

+ Larrey mentions some striking instances of the eftects of overcrowding. At Rami-Tchifflick, 
the hospital was fixed for 900 by the surgeon in charge, who allowed no more ; it remained 
healthy. His successor increased the beds to 1200 and then to 1400. Typhus became most 
severe, and spared no one (ni infinniers, ni soeurs, ni medecins). In the hospital at Pera there 
was the same mistake, and the same results. Typhus caused fifty per cent, of the deaths. At 
the hospital of the Ecole Militaire no crowding was permitted, and typhus caused only ten per 
cent or the deaths. In the French ambulances in the Crimea the same facts were noticed. 
Double and treble numbei-s were crowded into some, and they were ravaged by typhus ; others 
were not allowed to be crowded, and had little typhus. 

t Numerous works have been published, which space does not allow me even to enumerate, 
but the medical officer will find much information in the Army Medical Department Reports, 
bspeciafl^fia the essays from the officers who were sent to Fran-je during the war. 
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piiq>oses, the central pole can bo removed and a tripod support substituted, 
so as to leave the centre free. 

The ground round the tents to be thoroughly drained, kept very clean, 
and replaced from tinjo to time. iChe tent lioor to be covered with clean, 
and, if possible, dried earth, or charcoal, and to bo then covered with a 
waterproof cloth, or boarded, if the (iamj) be one of position. In either 
case the greatest care must be 'taken that the ground does not get soaked 
and filthy. Every now and then (if possible every ten dfiys or so) the tents 
should be shifted a little. 

If it can be done, the sick should be raised off the grouiid. Iron bed- 
steads are cumbrous, but small iron i)egs stuck in the ground might carry 
a sort of cot or hammock. The advantage of a plan of this kind is, that 
by means of holes in the sacking, wounded mmi can have the close-stool 
without much movement. For fever cases it permits a free movement of air 
under the patient. 

The stationaiy general hospitals in rear should be of tents or wooden 
hilts, but never of converted buildings, or of liospitals used by other nations. 
Here, of course, iron bedsteads, and all the appurtenances of a regular 
hospital, are brought into play. 

Whenever practicable, the rear hospital should have water-closets and 
sewem. At Eenkioi, in Turkey, Mr Erunel supplied squai-e wooden sewers 
about fifteen inches to the side ; they were ttirn^id inside, and acted most 
admirably, Avithout leakage,, for fifteen montlis, till the end of the war. 
The Avater-closets (Jenning*s simple syphon), arranged with a small Avater-box 
l)elow tlie cistern to economise water, never got out of order, and, in fact, the 
drainage of the liospital Avas literally ];)orfect. I haA^e little doubt siudi Avell- 
tarred wooden sewers would hist tAVo or tliree yearn. 

There is one danger about Avooden hospitals, auz., that of fii*e. The huts 
should, thei'cforc, on this ground alone, he Avid<dy separabMi ; eacli hut should 
have, about ten feet from it, an iron box for refuse. Wooden boxes do not 
answer, as in the winter live cinders get throAvn in, and there is danger of 
lire. These boxes sliould he emptied every morning hy the scavengers. 
Water must he laid on into every ward 

The arrangenient of the buildings is a simple matter, but must partly be 
determined by the ground Long open lines are the best. An ho8})ital of 
this kind, completely preprimd in England, can be put up at a very rapid rate,* 
supposing there he no great amount of earth-work, and that the supply of 
water and of outlet for soAvage he convenient So that, if commenced at 
once at the beginning of a campaign, accommodation would soon he 
provided 

Circumstances may of course render it necessary to take existing buildings 
for hospital purj^oses, hut it ought always to be remembered that it is 
running a veiy great risk, and nothing hut rigid necessity ouglit to sanc- 
tion it > 

Laundry Estahlisliment 

This part of an hospital must be organised as early, and as perfectly, as 

* The liospital at Renkoi, in Turkey, in the Crimean war, was made of sucli .large huts 
(50 men in each) that its rapidity of erection is no guide to others ; j^t it was luarvoUousIy 
soon put up. The first beam was laid on the 24th May 1855, on the 12th July it was reported 
ready for 300 sick, every ward having water laid on, baths and closets, and an iron kitchen and 
laundry being also ready ; on the 11th August it was ready for 500, and on the 4th December 
for 1000 sick. In January 1856 it was ready for 1500 sick, and in a short time more 2200 could 
have been received. The number of English artisans w'ere only forty, but we had native work- 
men, and if we had bad eighty English artisans it would have been ready for 1000 sick in three 
monl^ Smaller huts couM be put up in much less time if the ground require»nod;eiTacinf. 
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possible. The different parts must be sent out from England, viz., boiler, 
drying-closet, washing-machines, and wririging-machines.o The washing in war 
can never be properly done by the people among whom the war is carried on. 
Every appliance to save labour must be used, and after calculating wliat 
amount of laundry work has to be done for a presumed number of sick, just 
t\vice the amount of apparatus should be sent out, partly to insure against 
breakage, partly to meet moments of great pressui-e. The drying closet, 
especially, is a most important part of the laundry, as its heat can bo used to 
disinfect 

Ammint of Hospital Accommodation. 

This must not be less than for 25 per cent of the force, with reserve tents 
in rear in case of need. 

Cemeteries in war must be as far removed as possible ; the graves dug deep, 
and peat charcoal thrown in if it can bo procured. Lime is generally used 
instead, but is not quite so good. If charcoal cannot be got, lime must be 
used. If the aimy is waning on the sea-cotist, burkil in the sea is the safest 
plan. 

Fl\fing Hospitals. 

For moving columns and excursions, flying liospitiils arc organised. 
Medical comforts, concentrated foods, wine, brandy, dressing instniments, 
bedding, <Src., and perhaps tents, are carried in light carts, or on mules, or 
camels. If it can be done, an old recommendation of Ilonald !Monro 
seems useful, viz., that a baker %\dth flour should iiccompany, and even a 
butcher with live stock ; but since the use of concentrated foods, the last is 
pcrhaijs less needed 

Sanitai^y Duties cmvnecied mtk a War Hospital. 

In addition to the usual sanifciry duties of an hospital, there arc one or two 
points which require particular attention in tlio field. 

The first of these is the possible conveyance of disease by the exceedingly 
dirty clothes, which may ijcrjiaps have been worn for weeks even without 
removfil, in the hard times of war. Typhus, especially, can be carried in tins 
way. 

To provide for this, every hospital shoidd have a tent or building for the 
reception of the clothes ; here they shoidd be sorted, freely exposed to air, and 
the dirty flannels or other filthy clothes picked out Some of these arc so 
bad that they should at once be bui*nt, and the principal medical officer, at the 
beginning of a campaign, should have authority given him to do this, and to 
replace the articles from the public store. 

Tlie articles which are not so bad should be cleansed. Tlie cleansing is 
best done in the following way : — If the hospital have a Laundry and drying 
closet, they should bo put first in the drying-closet for an hour, and the heat 
carried to 220° Fahr. Then they should be tmnsferred into the fumigation 
box ; this is simply a tin-lined box or Lirge chest The clothes are put in 
this, and sulphur placed above them is set on fire, care being tiken not to 
bum the clothes ; or niti’ous acid fumes should be used. After an hour’s de- 
tention in tluj fumigating box, they should be removed to the soaking tubs. 
These are large tubs with pure water, put in a shod or tent outside the laundry. 
A little chloride of lime can be cadded to the water. They should soak here 
for twenty-four hours, and then go into the laimdiy and be washed as usuaL 
This plan, and especially the heating and fumigation, will also kill lice, wliich 
often swarm in such numbers. 

•Anotl^er poicKi of importance is to bathe the men as^^oon as possibla The 
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batljLS of a war hospital at the base of operations should be on a large scale, 
and the means for getting hot water equally large. The men’s heads, if lousy, 
should be washed with a little weak carbolic acid, which kills the lice at once. 
The smell is not agreeable, but that is not of real consequence. 

In a war hospital, also, the use of charcoal in the wards, charcoal dressings, 
the employment of disinfectants of all kinds, is more necessary than in a com- 
mon hospital 

As a matter of diet, there should be a large use in the diet'of antiscorbutic 
food, vegetables, &c., and antiscorbutic drinks should be in every ward, to be 
taken ad libitum — citric acid and sugar, cream of tartar, <fec. The bread must 
be very good, and of the finest flour, for the dysenteric case.s. 

Sieges^ 

The sanitary duties during sieges' are often difficult. Water is often 
scarce, disposal of sewage not easy, and the usual modes of disposal of the 
dead cannot, perhaps, be made use of. If sewage is not washed away, and if 
thei'e is no convenient plan of removing it by hand, it must be burnt. Mix- 
ing it with gunpowder may be adopted if there is no straw or other com- 
bustible mattjrial to put with it. 

If food threaten to run short, the medical officer should remember how 
easily Dr Morgan’s process of salting meat can be apfdied (see page-. 206 ), and 
in this way cattle or horses wliicli are killed for want of forage, or are shot in 
action, can be preserved. For siegas, as vegetables are sure to full short, a 
very ample supply of lemon -juice, and of citric acid, citrates, and cream of 
tartar, should be laid in, ^nd distributed largely. 

One other point sliould be brought to the notice of the general in command. 
In timcjs of pressure, evoiy man who can be discharged from tlie hospital is 
.sent to the front. This cannot always be avoided But when theit'. is les.s 
])i*essur(*, the men should go from the rear hospitals to a depot, and wliile then^ 
.sliould still be considered under medical treatment, so that they may not too 
soon be subjected to the hardship.s of war. They should, in fact, be subjected 
again to a sort of training, as if they were just entering on the war. If this 
i.s not done, a number of sickly or half-cured men get into the ranks, who may 
break down in a moment of emergency, and cause great difiiculty io the 
general in command. Some ollicem think that a man should either be in 
liospital or at his full duty ; this seems to me a misapprehension both of the 
facts and of the best way of meeting them. To transfer a man just cured, 
from tlic comforts of an ho^jiital at once to the front, is to run gi*eat danger. 
A chjpot, which should bo a sort of convalescent liospital, though not under 
fcliat term, is the proper place to thoroughly strengthen the man just recovered 
for the arduous work before him. 



706 


APPENDIX. 


APPENDIX A. 


METRICAL WEIGHTS AND MEASURES, 

a. Length. 

1 Metre = 39*37 English inches — 3*28 feet. 

1 Decimetre - 3*94 „ „ --- ^4 inches nearly.) 

1 Cejitimetre 0*39 „ „ == (Ath inch nearly.) 

1 Millimetre =- 0*039 „ „ = inch neiirly.) 

N.B. — The Latin prefix indicates division. 

The Grech do. do. multiplication. 

1 Kilometre =- 1000 metres — 1094 yards = |th mile (nearly.) 

h. Area. 

10*76 sq. feet = 1542, sq. inches. 

0*154 sq. inches = sq. inch (nearly.) 

00015 „ = „ (neaily.) 

1 are — 119*7 square yards, 

1 hectare - 11967* „ „ = 2*47 acres. 

1 square kilometre = 247 acres — 0*386 sq. mile. 

c. Caimcity. 

1 Decimetre cul)ed = I litre = 1000 cubic centimetres = 61 cubic iuclics = 35*3 
ounces = 0*22 gallon. 

1 Cubic centimetre = 0*061 cubic inch. 

1 Cubic inch = 16*4 cubic centimetres. 

28*35 Cubic centimetres = 1*733 cubic inches = 1 ounce. 

1 .000,000 cubic centimetres = 1000 litres = 1 cubic metre = 1 stere = 35*3 cubic feet. 

d. Weight. 

I Cubic centimetre of distilled water at 4° C. (39°*2 F.) weighs 1 gramme. 

1 Gramme =15*432 grains. 

1 DedgU'amme = 1*543 „ ( = 1^ grains nearly.) 

1 Centigramme = 0*154 „ (=x^ grains nearly.) 

1 Milligramme = 0*015 „ ( = ^V g*’^**^^ ’^^^irly.) 

1 Kilogramme = 1(X)0 grammes = 15,432 grains = 2*2 lbs. avoir. -■ 35*3 ounces 
French liv?'e and German p/wnd=500 grammes = 1*1 lbs. = 17*6 ounces. 

The Gennan = 16 J „ = g ounce nearly. 


1 Square ^fetre = 
1 Square Centimetre = 
1 Square ^lillimetre = 
100 Stpiaro Metres = 
1 00 Ares ~ 

100 Hectares = 
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APPENDIX B. 


THEKMOMETER SCALES. 


Centigrade 

6 


Ri^aumur 

■4“”“ 


Fahrenheit — 32 
9 


Mercnry freezes at . 

Zero of Fahrenheit . . . . 

Water freezes at .... 

Water at its maximum density al 
Mean temperature of London . 

Mean temperatm-e for specific gi^avities, &c 
Mean temperature of Calcutta 
Mean temperature of the human body 
Alcohol boils at 

Water boils at 

Mercury boils at ... . 


Ccnti^rrade. 

-&-0 

-17-7 

00 

4*0 

10-2 

15*5 

25-8 

38*5 

78‘3 

l(X)-0 

3600 


n^aumiir. 

-320 

-14*2 

0*0 

3*2 

8*2 

12'4 

20-6 

30*0 

62*7 

80-0 

288*0 


FahrenheH 

40*0 

0*0 

320 

39*2 

50*4 

60*0 

82*0 

98*4 

173*0 

212*0 

6800 


APPENDIX C. 


BAROMETER SCALES. 

. Standard pressure = 760 millimetres «= ^*922 inches. 


ao inches 

= 7(52 

29-5 „ 

= 749 

29- „ 

= 737 

28'5 „ 

= 724 

28- 

= 711 

1 

= 25-4 
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APPENDIX D. 


STAKDAEI) SOLUTIONS FOR VOLUMETRIC AIXALYSIS. 


1. For chlorine. Silver nitrate solution. 

17 gmmmes of silver nitrate in 1 litre of distillcrl water. 

1 CC. of solution — 0 00355 gins. — 3*55 milligraiinues of chlorine. 

„ „ =0*00585 „ =5*85 „ of sofliuin chloride. 

„ „ = 0*00745 „ = 7*45 „ of potassium chloride. 

„ „ 0*00535 „ =5*35 „ of ammonium chloride. 

Short factor for chlorine in grains per gallon (if one litre of water be taken h)r 
experiment) = 0*2485, or the CC.^s of silver nitrate solution required for | 
litre, represent grains per gallon of chlorine nearly. 


2. Hardness. Soap solution. 

Dissolve some soft soap (pharmacopoeial) in diluted si^irit, and graduate by 
means of this barytic solution. 

Nitrate of barium, . . . 0*2(5 grammes. 

Distilled water, .... 1 litre. 

2*2 CC.s (or 22 measures) of standard soap solution produce a pennanent lather 
^vith 50 CG.fi of the above solution. 

1 measure CC.) of soap solution = 0*0(X)25 gm.=0*25 mgm. of calcium 

carbonate. 

(For (^ther co-eflicients see page 78.) 

Correction for lather = — 2 measures of soap. 

Short factors (when 50 CC.s of water are taken for experiment.) 

For degrees of Clarkes scale (1:70,000) =0*35. 

„ „ Metrical „ (1 : 100,000) = 0*50. 


3. Fermanganate Solution for Oxidisahle Matter. 


0*395 of x>otassium permanganate in 1 litre of water. 

1(X) CC.s ale exactly decolorised by 100 CC.s of oxalic acid solution (c.) (See 
No. 7.) 

1 CC. of permanganate solution used with acid yields 0*10 milligramme of 


oxygen. 

1 CC. of permanganate solution used with alkali yields 0*06 milligramme of 
oxygen. 

1 CC. of permanganate solution exactly oxidises 0*2875 mgms. nitrous acid 

1 CC. 01 permanganate solution exactly oxidises 0*2125 mgms. hydrogen 
sulphide (HgS^ 

1 CC. of permanganate solution exactly oxidises 0*7000 mgms. iron (Fe.) 

9 ^ „ 0*9(XX) ,, ferrous oxide 

• (FeC>.). 
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4. Ammonium Chloride Solution for Nmlerising. 

0*315 gramme of ammonium chloride in 1 litre of water. 

• This is the strong solution. 

Take 100 CC.s of this solution and dilute to 1 litre. 

This is the standard solution. 

1 CC. -0*01 milligramme of ammonia (NH3) or 0*00g2 mgm. of nitrogen. 
In analysing for nitric acid 1 part of NH3=^ 3'71 HNO3. ' 

5. Sulphuric Acid Solution for Carbonates in Water. 

Take 4*9 grammes by weight of pure H^S04 and dilute to 1 litre. 

1 CO. saturates 5 milligrammes of calcium carbonate. 

„ ,, 6*2 „ of sodium „ 


6. Alkaline solution for acidities. 

Take liquor sodse or liquor potassa) of phannacopccial strength, and dilute with * 
8 or 9 parts of distilled water. 

Graduate with oxalic acid solution (a.) (See No. 7.) 

1 CC. of standard alkaline solution = 6*3 milligrammes of oxalic acid. 

(For other coefficients see page 279.) 

7. Oxalic Acid Solutions, 

Solution (a,) Take 6*3 grammes of crystalli.«^cd oxalic acid, and dissolve in one 
litre of water. 

10 CC.s exactly neutralise 10 CC.s of standard alkaline solution. 

Solution (&.) Take 100 CC.s of solution (a), and add 180 CC.s of distilled water. 
Tliis. makes the solution for testing the alkalinity of lime or baryhi water. 

1 CC. exactly neutralises 1 milligramme of lime (CaO.) 

„ „ „ 2*73 „ of baryta (BaO.) 

Solution (c.) Take 100 CC.s of solution (a), and add 700 CC.s of di.stilled water. 

This is the solution for gmduating the permanganate. 

100 CC.s exactly decolorise 100 CC.s of permanganate in presence of sulphuric 
acid. 


8. Copper Solution (Fehling's) for Sugars, 

Take of pure copper sulphate, . . 34*64 grammes. ) 

„ Distilled water 200* CC. \ 

Take also of tartrate of sodium and potassium, 173* grammes. ) 

Solution of caustic soda (or caustic potash), . 480* CC. j ^ 

Mix the two solutions slowly, and dilute witji distilled water to one litre. 

1 CC. is reduced by 5 milligrammes of either glucose or inverted sugar. 
ICC. „ 8*67 „ of lactin (or milk sugai’). 

9. Iodine Solution for Hydrogen Sulphide, 

Dissolve 6*35 grammes of iodine in 1 litre of distilled water by the aid of a little 
potassium iodide. 

1 CC. =0*85 milligrammes of HgS. 

If a litre of water be taken for examination, the short factor for cubic inches 
per gallon is 0*184. 

• Starch is used as the indicator. 
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10. Solution of Iron for Colmimetric Test 

Dissolve one graimne of pure iron wire in nitro-hydrochloric acid ; precipitate 
the ferric oxide with ammonia ; wash the precipitate ; dissolve in a little 
hydrochloric acid, and dilute to I litre. ^ 

1 CC. ~ 1 milligramme of iron. 

This is the strong solution. 

For use it is diluted 1 to .100, so that 

1 CC. — O'Ol milligramme of metallic iron. 

1 (JC.— 0*02696 „ of iron phosphate. 
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C. L. Blaxam 

CHEMISTRY, INORGANIC and ORGANIC- 
With Experiments. By Charles L. Bloxam, Professor of Chemistry 'in 
King’s College, London, and in the Department for Artilleiy StudieSy 
Woolwich. Fourth Edition. With nearly 300 Engravings. 8va i6s- 

Professor Bloxam has given us a most .... It is astonisSung how much 
excellent and useful practioal treatise. His information he oft^ conveys in a ifiw para- 
666 pages [now 700] are crowded with facts graphs. We might quote fifty instances of 
and experiments, nearly all well chosen, this.” — Chemical Nem* 
and many quite new, even to scienti^jP»cnen 

By the ^ame Author 

laboratory TEACHING: Or, Progressive Exercises 

in Practical Chemistry. Fourth Edition. With 83 Engravings. 

Crown 8vo, 53- 6d. 

This work is intended for use in the chemioal laboratory by those who are com* 
mehoing the study of practical chemistry. It does not presuppose any knowledge of 
chemistry On the of the pupil, and does not enter into any theoretic specnilations. 
It dispenses with the use of all costly apparatus and chemicals, and is divided into 
s^arate exercises or lessons, with examples for practice, to &dlitate the instruction of large 
classes. The method of instruction here followed has been adopted by the author, 
after nearly thirty yeius’ experience as a teacher in the laboratory. 

. — — o- — — 

G. Fownes andH, Watts 

A MANUAL OF CHEMISTRY. By G. Fownes, F.R.S. 

Edited by Henry Watts, B.A., F.R.S. Twelfth Edition. 

VoL 1 . — Physical and Inorganic CLmiistry. With 154 Engravings 
and Coloured Plate of Spectra \\ , Crown Svo, 8s. 6a- 

Vol. II. — Chemistry of Carbon Com^/tinds, or Organic Chemistry. 
with Engravings . • ^ • Crown 8vO| io$. 

jR, Fresentus 

QUALITATIVE ANALYSIS. By C. Remigius Fresenius. 

Edited by Arthur Vacher. Ninth Edition, with Coloured Plate of 
Spectra and 47 Engravings . . Svo, 12& 6d. 

By the same Author 

QUANTITATIVE ANALYSIS. Edited by Arthur Vacher. 

Seventh Edition. VoL I. With 106 Engravings. . . Svo, 15s. 


J. & A. Churchill's Scientific Works 


A, P. 

AN INTRODUCTION to THE STUDY of CHEMISTRY, 

specially designed for Medical and Pharmaceutical Students. By A.’P. 
Luff, FJ.C., F.C.S., Lecturer on Chemistry in the Central School of 
Chemistry and Pharmacy ' - . . Crown 8vo, 2s. 6d. 

0 

A. Vacher 

A PRIMER OF CHEMISTRY, Including Analysis. 
By Arthur Vacher .... i8mo, is. 

0 

F. Clowes 

PRACTICAL CHEMISTRY AND QUALITATIVE 
INORGANIC ANALYSIS. By Frank Clowes, D. Sc. Lond., F.CS. 
Lond. and Berlin, Senior Science Master at the High School, Newcastle- 
under-Lyme. Third Edition, with 47 Engravings. . Post 8vo, 7s. 6d. 
* This work is an Elementary Treatise specially adapted for use in the Laboratories 
of Schools and Colleges, and by beginners. 

y. E, Bowman attd C. L, Bloxam 

PRACTICAL CHEMISTRY, Including Analysis. 
By John E. Bowman and C. L. Bloxam. Seventh Edition. With 
98 Engravings .... Fcap 8vo, 6s. 6d. 

In this edition the entire Analytical Course has been reduced to a tabular form, 
and symbols and equations have been freely used. The intention of the work is to 
furnish to the beginner a text-book of the practical minutice of the laboratory. The 
various processes employed in anal3rsis, or which have been devised for the illustration 
of the principles of the science, are explained in language as simple as possible. 

a 

y. C Brown 

ANALYTICAL TABLES for STUDENTS of PRACTICAL 

CHEMISTRY. By J. CAMPBELL Brown, D.Sc. Lond., F.C.S. 

^ 8vo, 2s. 6d 

E. Franklattd 

YiOSN TO TEACH CHEMISTRY: Hints to Science 

Teachers and Students. Six Lectures by Edward Frankland, D.C.L., 
F.R.S., Summarised and Edited by GEORGE Chaloner, F.C.S. With 
47 Engravings . . . Crown 8vo, 3 s. 6d. 

R, Galloway 

A MANUAL OF QUALITATIVE ANALYSIS. 

By Robert Galloway, late Professor of Applied Chemistry ia the Royal 
College of Science for Ireland. Fifth Edition, with Engravings 

J Post 8vo,8s. 6d. 

E, T. Kensington 

CHEMICAL COMPOSITION OF FOODS, WATERS, 
SOILS, MINERALS, MANURES, AND MISCELLANEOUS SUB- 
STANCES. Compiled by E. T. Kensington, F.CS., formerly Chief 
Assistant to Thomas Anderson, M.D., late of the University of Glasgow. 

Fcap 8vo, ss. 



C. M. Tidy 

\ HANDBOOK OF MODERN CHEMISTRY, Inorganic 
and Organic. For the Use of Students. By Charles Meymott Tidy, 
M.B., F.C.S., Professor of Chemistry at the London Hospital. 8vot x6s. 


U. y. Kay-Shuttlcworth 

FIRST PRINCIPLES OF MODERN CHEMISTRY, 

By Sir U. J. Kay-Shuttleworth, Bart. Second Edition. 

Crown 8vo, 4s. 6d. 


A. y. Bemays 

NOTES FOR STUDENTS IN CHEMISTRY: Being a 
Syllabus of Chemistry, compiled mainly from the Manuals of Miller, 
Fownes-Watos, Wurz, and Schorlemmer. By Albert J. Bernays, 
Ph. D., Professor of Chemistry at St. Thomases Hospital ; Examiner in 
Chemistry at the Royal College of Physicians. Sixth Edition. 

Fcap. 8vo, 3s. 6d. 

By the same Author 

SKELETON NOTES ON ANALYTICAL CHEMISTRY, 

for Students in Medicine . . . Fcap 8vo^ 2s. 6d, 


. 0 . Hekner 

ALCOHOL TABLES, giving for all Specific Gravities, from 
I 0000 to 07938 the Percentages of Absolute Alcohol, by Weight and by 
Volume, and of Proof Spirit. By Orro Hehner, F.C S., Public Analyst 
for the Isle of Wight and for the Boroughs of Derby and Ryde. 

Roy. 8vo, 3s. 6d. 

Q 

( 9 . Hehner and A, Angell 

BUTTER ; Its Analysi.s and Adulterations, specially treating on 
the Detection and Determination of Foreign Fats. By Orro Hehner, 
F.C S., and Arthur Angell, F.R.M.S., Public Analyst for the County 
of Southampton, Second Edition. Entirely re-written and augmented. 

Crown 8vo, 3s. 6d. 

0 

R, Wapier and IV, Crookes 

HANDBOOK OF CHIiMICAL TECHNOLOGY. By 
Rudolf Wagner, Ph.D., Professor of Chemical Technology at the 
University of Wurtzburg. Translated and Edited from the Eighth German 
Edition, with Extensive Additions, by WILLIAM CROOKES, F.R.S. With 
336 Engravings ....... 8vo, 25s. 

The design of this work is to show the application of the science of chemistiy to 
the various manufactures and industries. The subjects are treated of in eight divisions, 
as follows : — I. Chemical Metallurgy, Alloys, and Preparations made and obtained from 
Metals. 2. Crude Materials and Products of Chemical Industry. 3. Glass, Ceramic 
Ware, Gypsum, Lime, Mortar. 4. Vegetable Fibres. 5. Animal Substances. 6. Dye- 
ing and Calico Printing. 7. Artificial IJght. 8. Fuel and Heating Apparatus. 



IV, G, Valentin and W, R, Hodgkinson 

VALENTIN'S QUALITATIVE CHEMICAL’ ANALYSIS. 

Fifth edition. By W. R. Hodgkinson, Ph. D. (Wiirzburg), Demonstrator of 
Practical Chemistry in the Royal School of Mines and Science Training 
Schools, South Kensington. With Engravings . . 8vo, 7s. 6d, 

IV. G. Valentin 

INTRODUCTION TO INORGANIC CHEMISTRY. By 

Wm, G. Valentin, F.C.S., late Principal Demonstrator of Practici 
Chemistry in the Royal School of Mines and Science Training Schools, 
South Kensington. Third Edition. With 82 Engravings . 8vo, 6s. 6d. 

By the same Author 

TABLES FOR THE QUALITATIVE ANALYSIS OF 
SIMPLE AND COMPOUND SUBSTANCES, both in the Dry and Wet 
• Way. On indestructible paper . . . 8vo, 2s. 6d, 

Also 

CHEMICAL TABLES FOR THE LECTURE ROOM AND 

LABORATORY. In five large sheets. . . 5s. 6d. 


A, //. Allen 

AN INTRODUCTION TO THE PRACTICE OF COM- 
MERCIAL ORGANIC ANALYSIS. By Alfred H. Allen, F.C.S., 
Lecturer on Chemistry at the Sheffield School of Medicine. 

VoL 1 . — Cyanogen Compounds, Alcohols and their Derivatives, Phenols, 
Acids, &c. ..... 8vo, los. 6d. 

(7— - 

R, V Tuson 

COOLEY'S CYCLOPiEDIA OF PRACTICAL 
RECEIPTS, AND COLLATERAL INFORMATION IN THE ARTS, 
MANUFACTURES, PROFESSIONS, AND TRADES : Including 
Medicine, Pharmacy, Hygiliie and Domestic Economy. Designed as a 
Comprehensive Supplement to the Pharmacopoeias and General Book of 
Reference for the Manufacturer, Tradesman, Amateur, and Heads of 
Families. Sixth Edition, Revised and Rewritten by Professor Richard 
V. Tuson, F.I.C., F.C.S., assisted by several Scientific Contributors. 
With many Engravings. 2 Vols., 1,800 pp. . . 8vo, 42s. 

The new edition, exceeds the last by some 400 paces, and contains a greatly increased 
number of receipts culled from the most reliable English and foreign journals ; numerous 
Articles on Applied Chemistry, Pharmacy, Hygiene, Human, and Veterinary Medicine, 
&c., are also added ; many of the old articles have been extended ; and, where 
desirable, the text is illustrated by woodcuts. 

0 

C, D. F, Phillips 

MATERIA MEDICA AND THERAPEUTICS: VEGE- 
TABLE KINGDOM. By Charles D. F. Phillips, M.D. 8vo, 15s. 

“ It is the great distinction of this book that an amount of space is given in it to care- 
ful discussion of the physiological and the therapeutical actions of drugs greater than has 
been given in any previous English text-book of Materia Medica.* 



J. & A. Churchill’s SciEimric Works 


vii 


V 


y, F. Royle and y. Harley 

ROYLE’S JSlANUAL OF MATERIA MEDICA AND 
• THERAPEUTICS. Sixth Edition. By John Harley, M.D., F.R.C.P. 
With 139 Engravings. . . . Crown 8vo^ 153. 

‘‘This Manual is, to our minds, unrivalled I and completeness of information/’— 
in any language for condensation, accuracy, j Medical Jmmal, 

C Bins 

THE ELEMENTS OF THERAPEUTICS. A Clinical Guide 

to the Action of Drugs. By C. BiNZ, M.D., Professor of Pharmacology in 
the University of Bonn. Translated and Edited with Additions, in 
Conformity with the British and American Pharmacopoeias, by Edward 
I. Sparks, F.R.C.P., M.A., M.B. Oxon., formerly Radcliffe Travelling 
Fellow ..... Crown 8vo, 8s. 6d. 
*** Practically, this translation represents a new edition, a considerable amount of 
new matter which did not appear in the fifth German edition having been added by 
Professor Binz, and a number of errors which occurred in the latter having been corrected. 
Nearly the whole of the proof sheets have been read and revised by Professor Binz. 

a — - 

y. C, Thorowgood 

THE STUDENTS GUIDE TO MATERIA MEDICA 

Including the New Additions to the British Pharmacopoeia. By John 
C. Thorowgood, M.D. Lond., F.RCP., Lecturer on Materia Medica at the 
Middlesex Hospital. With Engravings . . Fcap 8vo, 6s. 6d. 

•‘ Students can hardly hope for a more serviceable text*book.” — Practitioner, 

Stilli and Maisch 

THE NATIONAL DISPENSATORY; containing the Natural 

History, Chemistry, Pharmacy, Actions and Uses of Medicines, including 
those recognised in the Pharmacopoeias of the United States and Great 
Britain and Germany, with numerous references to the French Codex. By 
Ai-FRED Stillk, M.D., LL.D., Professor of the Theory and Practice of 
Medicine in the University of Pennsylvania ; and John M. Maisch, pLd., 
Professor of Materia Medica and Botany in the Philadelphia College of 
Pharmacy. Second Edition, with 239 Engravings, 1,680 pp. , 8vo, 34s 

A, Wahltuch 

A DICTIONARY OF MATERIA MEDICA AND THERA- 
PEUTICS. By Adolphe Wahltuch, M.D. . . 8vo, ios.6d. 

The pmpose of this work is to give a tabular arrangement of all drugs specified in 
the British Pharmacopoeia of 1867. Every table is divided into six parts : — (i) The 
Name and Synonyms ; (2) Character and Prosper ties or Composition ; {3) Physioltgical 
Ejects and Therapeutics ; (4) Form and Doses ; (5) Preparations ; (6) Prescriptions, 
f dier matter elucidatory of the Pharmacopoeia is added to the work. 

“A very handy book,” — Lancet. 

^ 

y. Slacken 

ELEMENTS OF DENTAL MATERIA MEDICA AND 

THERAPEUTICS, WITH PHARMACOPCEIA. By JAMES Stocken, 
L.D.S.R.C.S,, late Lecturer on Dental Materia Medica and Therapeutics 
and Dental Surgeon to the National Dental Hospital Second Edition, 

Fean. Svo. 6s. 6d. 


viu J. & A. Ghurchiix’s Scientific Works 



/. Owen 

TABLES OF MATERIA MEDICA ; comprising the Contents. 
* Doses, Proportional Composition, and Methods of Manufacture of the 
various Pharmacopocial Preparations, arranged to facilitate acquirement. 
By ISAMBARD Owen, M.A., M.R.C.P., Medical Registrar and Lecturer on 
Botany to St George’s Hospital. Fourth Edition. Crown 8vo, 2S. 6d. 


y. Pereira 

SELECTA E PILESCRIPTIS : Containing Lists of the Terms, 
Phrases, Contractions, and Abbreviations used in Prescriptions, with Ex- 
planato^ Notes ; the Grammatical Construction of Prescriptions ; Rules 
for the Pronunciation of Pharmaceutical Terms ; a Prosodiacal Vocabulary 
of the Names of Drugs, &c. ; and a Series of Abbreviated Prescriptions 
illustrating the use of the preceding terms. To which is added a Key, con- 
staining the Prescriptions in an Unabbreviated Form, with a Literal Trans- 
lation for the Use of Medical and Pharmaceutical Students. By Jonathan 
Pereira, M.D., F.R.S. Sixteenth Edition .... 32mo, 5s. 


THE PRESCRIBER’S PHARMACOPCEIA : The Medicines 

arranged in Classes according to their Action, with their Composition 
and Doses, By A Practising Physician. Fifth Edition. 

Fcap 32mo, cloth, 2s. 6d.; roan, with flap and elastic band, 3 s. 6d. 


S. Proctor 

LECTURES ON PRACTICAL PHARMACY. 
By Barnard S. Proctor, Lecturer on Pharmacy at the College of Medi- 
cine, Newcastle-on-Tyne. With 43 Engravings and 32 Plates, containing 
Fac-Simile Prescriptions 8vo, 12s. 


CONTENTS 

Drying— Comminution— Solution— Crystallisation— Precipitation — Diffusion in liquids, 
Dialysis, Osmosis, &c.— Evaporation, Boiling, Fusion, and Calcination — Distillation and 
Sublimation — Filtration and Percolation — Official Pharmacy — Official Liquors or Solu- 
tions — Official Infusions and Decoctions — Extracts — Spirits, Tinctures, Wines, Vinegars, 
Liniments— Official Products of Distillation and Sublimation — Official Products of Fusion 
— Official Saline Preparations, &c., Crystallised, Precipitated, Scaled, or Granulated — 
Complex Processes — Dispensing — Reading Autograph Prescriptions — Pills — Powders, 
Ointments, Plasters, Suppositories, &c. — Qualitative Tests of the Pharmacopoeia — Quan- 
titative Testing of the Pharmacopoeia — Pharmacy of Special Drugs. 

“ A good specimen of a treatise on Chemistry as applied to* a special art.’^ — Chemical 
News, 

o 

F, H, Lescher 

THE ELEMENTS OF PHARMACY: a Guide to the Prin- 
cipal Points in Materia Medica, Botany, Chemistry, Pharmacy, Prescrip- 
tions and Dispensing. By F. Harwood Lescher. Fifth Edition 

Royal 8to, 7s. 6d. 
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J, B. Smith 

PHARMAC^:UTICAL GUIDE TO THE FIRST AND 
• SECOND EXAMINATIONS. By John Barker Smith. Second 
Edition Crown 8vo, 6s. 6d. 

FIRST AND SECOND EXAMINATIONS 

Latin Grammar— Fractions — Metric System — Materia Medica — Botany 
—Pharmacy— Chemistry— Prescriptions. 


y, Stegf[all 

FIRST LINES FOR CHEMISTS AND DRUGGISTS 

preparing for Examination at the Pharmaceutical Society. By John 
Steggall, M.D. Third Edition . . . . . i8mo, 3s. 6d. 

contents 


Notes on the British Pharmacopoeia, the 
Substances arrai^ed alphabetically. 
Table of I'reparations, containing Opium, 
Antimony, Mercury, and Arsenic. 
Classification of Plants. 


Thermometers. 

Specific Gravity. 

Weights and Measures. 

Questions on Pharmaceutical CheiAistry 
and Materia Medica. 


0 

P. Squire 

COMPANION TO THE BRITISH PHARMACOPCEIA 

(latest Edition), comparing the strength of its various preparations with 
those of the United States, and other Foreign Pharmacopceias, to which 
are added Non-official Preparations, and Practical Hints on Prescribing; 
also a Tabular Arrangement of Materia Medica for Students, and a Concise 
Account of the Principal Spasof Europe. By. Peter Squire, F.L.S., late 
President of the Pharmaceutical Society, assisted by his Sons P.W. Squire 
and A H, Squire. Twelfth Edition .... 8vo, los. 6d. 

By the same Author 

PHARMACOPCEIAS OF THE LONDON HOSPITALS. 

Fourth Edition. Fcap 8vo, 6s. 

*** Mr. Squire has collected all the Formulse used in twenty-five of the principal 
Hospitals of London, and arranged them in groups for comparison. These Formulae 
were revised and approved by the medical sSifT of each of the Hospitals, and may 
therefor© be taken as an excellent guide to the medical practitioner, both as to dose and 
best menstruum in prescribing. The Diet Tables of the various Hospitals are also 
included. 
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W. Stowe 

A TOXICOLOGICAL CHART, Exhibiting at one view the 
Symptoms, Treatment, and Mode of Detecting the Various Poisons, 
Mineral, Vegetable, and Animal. To which are added concise Directions 
for the Treatment of Suspended Animation. By William Stowe, 
M.R.C.S.E. Thirteenth Edition . . . . Sheet, 2S. ; Roller, 5s. 


‘ A. S. Taylor 

POISONS IN RELATION TO MEDICAL JURIS- 
PRUDENCE AND MEDICINE. By Alfred S. Taylor, M.D., F.R.S., 
late Professor of Medical Jurisphidence to Gu/s Hospital. Third Edition, 
with 104 Engravings Crown 8vo, i6s. 
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//• Beasley 

THE POCKET FORMULARY AND SYNOPSIS 
OF THE BRITISH AND FOREIGN PHARMACOPCEIAS : Compris- ' 
ing Standard and approved Formulae for the Preparations and Compounds 
employed in Medical Practice. By Henry Beasley. Tenth Edition. 

i8mo, 6s. 6d. 


By the same Author 


THE DRUGGIST'S GENERAL RECEIPT-BOOK: 
Comprising a Copious Veterinary Formulary, Numerous Recipes in 
Patent and Proprietary Medicines, Druggists’ Nostrums, '&c.; Perfumery, 
and Cosmetics ; Beverages, Dietetic Articles and Condiments ; Trade 
Chemicals ; Scientific Processes ; and an Appendix of Useful Tables. 
Eighth Edition i8mo, 6s. 6d. 


• Also 

THE BOOK OF PRESCRIPTIONS : Containing 3,107 Pre- 
scriptions collected from the Practice of the most eminent Physicians and 
Suigeons, English and Foreign. With an Index of Diseases and Remedies. 
Fifth Edition i8mo, 6s. 6d. 

‘•Mr, Beasley’s ‘Pocket Formulary,* reference admirably suited for the dispens- 
• Druggist’s Receipt-Book,* and ‘ Book of ing desk .’* — Chemist and Druggist, 
Prescriptions* form a compact library of 


G, C, Wittstein 

PRACTICAL PHARMACEUTICAL CHEMISTRY : An 

Explanation of Chemical and Pharmaceutical Processes ; with the Methods 
of Testing the Purity of the Preparations, deduced from Original Experi- 
ments. By Dr. G. C. Wittstein. Translated from the Second German 

Edition by Stephen Darby i8mo, 6s. 

•• It would be impossible too strongly to recommend this work to the beginner, for the 
completeness of its explanations, by following which he will become well grounded 
in practical chemistry ,** — From the Introduction by Dr» Buchner, 


THE PHARMACEUTICAL JOURNAL AND TRANSAC- 

TIONS. Published weekly. Price 4d. Annual subscription, post free, 20s. 


THE YEAR-BOOK OF PHARMACY: Containing the 
Proceedings at the Yearly Meeting of the British Pharmaceutical Con- 
ference, and a Report on the Progress of Pharmacy, which includes notices 
of all Pharmaceutical Papers, new Processes, Preparations, and Formulae 
published throughout the world. Published annually in December. 

8vo, 1873, ’74, *75, ’76, *77, ’78, *79— los, each volume. 
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R. P. Tuson 

^ A PHARMACOPCEIA, INCLUDING THE OUTLINES OF 

• MATERIA MEDICA AND THERAPEUTICS, for the Use of Prac- 

titioners and Students of Veterinary Medicine. By Richard V. Tuson, 
F.CS., Professor of Chemistry, Materia Medica and Toxicology at 
the Royal Veterinary College. Third Edition . . Post 8vo, 7s. 6d. 

Not only practitioneTS and students of want in veterinary literature.** — Chemist 

veterinary m^icine, but chemists and and Druggist, 
druggists will find that this book supplies a 

0 

R. Bentley 

A MANUAL OF BOTANY : Including the Structure, Func- 
tions, Classifications, Properties, and uses of Plants. By Robert 
Bentley, F.L.S., Professor of Botany, King’s College, and to the Pharma- 
ceutical Society. Third Edition, with nearly 1,200 Engravings. 

Jn the Press, 

**As the standard manual of botany its position is undisputed.” — Chemist and 
Druggist, 

' — - g 

R, Bentley and H, Trimen 

MEDICINAL PLANTS : being Descriptions with Original 
Figfures of the Principal Plants employed in Medicine, and an Accoimt 
of their Properties and Uses. By Robert Bentley, F.L.S., Professor 
of Botany in King’s College, and to the Pharmaceutical Society ; and 
Henry Trimen, M.B., F.L.S., Lecturer on Botany in St. Mary’s 
. Hospital Medical School. In 4 Vols., large 8vo, with 306 Coloured Plates 
bound in half morocco, gilt edges, £11 iis. 

o 

IV, B, Carpenter 

THE MICROSCOPE AND ITS REVELATIONS- By 

W. B. Carpenter, C.B., M.D., F.R.S. Sixth Edition, with more than 500 
Engravings Crown 8vo. In the Press, 

*** author has aimed to combine within a moderate compass that information in 
regard to the use of his instrument and its appliances, which is most essential to the 
worWhg microscopist, with such an account of the objecte best fitted for his study as may 
qualify him to comprehend what he observes, and thus prepare him to benefit science, 
whilst expanding and refreshing his own mind. 
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J, H, Martin 

A MANUAL OF MICROSCOPIC 'MOUNTING; with Notes 

on the Collection and Examination of Objects. By John H. Martin, 
Membei;of the Society of Public Analysts, author of “ Microscopic Objects.” 
Second Edition. With 150 Engravings .... Svo, 7s. 6d. 

• *,** supply the student with « condse manual of the ptin- 

ciples of imcrosoopic mounting, and to assist his progress in the manual decterity, as &r 
as illustrations and words render it possible^ necessary in their application. 
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S. Marsh 

SECTION CUTTING : a Practical Guide to the Preparation 
and Mounting of Sections for the Microscope, special prominence being 
given to the subject of Animal Sections. By Dr. Sylvester MAkSH 
With Engravings Fcap. 8vo, 2s. 6d. 


Q 

THE QUARTERLY JOURNAL OF MICROSCOPICALr 
SCIENCE. (Established in 1852.) Edited by E. Ray Lankester, M.A., 
F.R.S., Professor of Zoology and Comparative Anatomy in University 
College, London ; with the co-operation of W. Archer, F.R.S., M.R^I.A., 
F. M. Balfour, M.A., F.R.S., F.L.S., and E. Klein, M.D., F.R.S., 
Lecturer on Histology in St. Bartholomev^s Hospital SchooL 

Annual Subscription, 30s. ; Single Numbers, 7s. 6d. 

*** Most of the Memoirs are illustrated by Woodcuts and Lithographic Plates, many 
being Coloured. The Journal contains, in addition, Notes and Memoranda, Reviews of 
Books, Quarterly Chronicle, and Proceedings of Societies. 
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7 . H. Wythe 

THE MICROSCOPIST : A Manual of Microscopy and Compen- 
dium of the Microscopic Sciences, Micro-Mineralogy, Micro-Chemistry, 
Biology, Histology, and Pathological Histology. By J. H. Wythe, A.M., 
M.D., Professor of Microscopy and Biology in the San Francisco Medical 
College. Third Edition, with 205 Engravings . . 8vo, i8s. 


S. M, Bradley 

MANUAL OF COMPARATIVE ANATOMY AND 
PHYSIOLOGY. By S. Messenger Bradley, F.R.C.S., Senior Assistant 
Surgeon to the Manchester Royal Infirmary. Third Edition, with 
61 Engravings Post 8vo, 6s. 6d. 
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A. Chauveau and G, Fleming 

CHAUVEAU'S COMPARATIVE ANATOMY OF THE 
DOMESTICATED ANIMALS. Translated from the Second French 
Edition, and Edited by George Fleming, F.R.G.S., Veterinary Surgeon, 
Royal Engineers ; Author of “ Travels on Horseback in Mantchu Tartary,” 
“Horse-shoes and Horse-shoeing,” “Animal Plagues,” etc. With 450 
Engravings ..... 8vo, 31s. 6d, 

“ Mr. Fleming has earned the gratitude of the whole of his profession by presenting to 
the veterinary surgeon and student, in an English dress, one of the best and most com- 

E rehensive of Continental text-books, enriched with additions which prove him to have 
een a conscientious student of the best writers on the Comparative Anatomy of the 
Mammalia. . . We have nothing but praise to bestow on the manner in which 
Mr. Fleming has performed his work.”’— Medico- Chirurgical Review, 
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^ J, Fayrer 

, THE THANATOPHIDIA OF INDIA; being a Description 
. of the Venomous Snakes of the Indian Peninsula. With an Account of 
the Influence of their Poison on Life, and a Series of Experiments. By 
Sir J. Fayrer, M.D., K.S.I., Physician to the Secretary of State for India 
in Council ; late President of the Asiatic Society of Bengal. Second 
Edition, with 31 Plates (28 Coloured) .... Folio, 7/, 7s. 

Fy the same Author 

*THE ROYAL TIGER OF BENGAL: His Life and Death. 

With Map and Engravings ...... Crown 8vo, 5s. 

* c 

J. Ewart 

THE POISONOUS SNAKES OF INDIA- Compiled by 
Joseph Ewart, M.D., M.R.C.P., Surgeon-Major in the Bengal »Army, 
President of the Snake Poison Commission. With 2i Plates (19 being 
Coloured) Crown 410, 31s. 6d. 
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J. R. Greene 

TABLES OF ZOOLOGY : indicating the Tribes, Sub-Orders, 
Orders, and Higher Groups of the Animal Kingdom, for Students, Lec- 
turers, and others. By J. Reay Greene, M.D., late Professor of Natural 
History in the Queen’s University in Ireland, Three large sheets, 5s. 
the set ; or, mounted on canvas, with roller and varnished . . 12s. 6d, 

*** These Tables have been carefully prepared in accordance with the present state of 
science, and with a view to remove the difficulties which arise from the various opinions 
held by different zoologists. 


r. H. Huxley 

A MANUAL OF THE ANATOMY OF INVERTEBRATED 

ANIMALS. By Prof. HUXLEY, LL.D., F,R.S. With 158 Engravings. 

Fcap 8vo, i6s. 

By the same Author 


A MANUAL OF THE ANATOMY OF VERTEBRATED 

ANIMALS. With 110 Engravings .... Fcap 8vo, 12s. 


Also 

INTRODUCTION to the CLASSIFICATION of ANIMALS. 

With Engravings. Second Edition. . . . , In the Press. 
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